UNITED STATES DEPARTMENT OF THE INTERIOR
J. A. Krug, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

Water-Supply Paper 915

MAJOR WINTER AND NONWINTER FLOODS
IN SELECTED BASINS
IN NEW YORK AND PENNSYLVANIA

BY
WALTER B. LANGBEIN AND OTHERS

Prepared in cooperation with the
FEDERAL EMERGENCY ADMINISTRATION
OF PUBLIC WORKS

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1947

For sale by the
Superintendent of Documents, Government Printing Office, Washington 25, D. C.



Note.—This report was prepared in 1939 and 1940. Conditions
arising out of the war have delayed its publication.

1I



CONTENTS

Page
N L 2o A R R . |
TEFOQUCHION  + v et ottt s ettt ittt temae enas ot etanaeransarnnesetaesnanesnns 1
Utility of flood-control data ...........coovviuvivnnnnnnn, Nt i 1
Scope of the Present report «....oevuevuieeserenennserteaceiensoenranaes 2
Methods of AnalySis .. .vvrvrvtinneniiteieraaeinearaserenraeanoasensieaens 4
Rainfall ..ttt ittt e e et 4
SHIOW COVEE & uvvrvtesensctenesvansaeennensonsssnssessssserasen U 5
LDirect FUNOIT oottt it i i i b aares 6
Ground-water runoff and recharge ........ccovvivieiiiiiiiiiiiiininns 7
Lag interval .......... e e e e e e 9
Infiltration index .........ccvvviiiirueenrinonnenn e et 11
Winter floods ... .viii it i e it a it 13
Floods of March 1036 ......c.vvevinsinerneieenirvonnrncnnernanans veens. 14
Sacandaga River near Hope, N. Y. ... .o, 14
East Branch of Delaware River at Fishs Eddy, N. Y. ............... 23
Chemung River at Chemung, N. Y. ...c....oiiiiiiiiiiiniinina. . 39
Susquehanna River at Wilkes-Barre, Pa. .........ccoviiiiinn, 48
Susquehanna River at Harrisburg, Pa. ......cocviviveneienenenennns 55
West Branch of Susquehanna River at Williamsport, Pa. ............ 63
Flood of March 1920, Genesee River at St. Helena, N. Y................. 70
Snow-runoff Studies . ......viiiiiieiiit it i i aaaaae veeeess 81
Nonwinter floods .....covuviiiiniiiiiiiiitiiiiaeiieasttenesrissntntarenss 85
Flood of July 1921, Sacandaga River near Hope, N. Y......ovvvvvnnennnn. 87
Storm of July 1935 .. oveiiiiiriiii ittt ieieenes PN 91
Floods of July 1035 ... i.iir ittt ittt ittt ersenernnsenanses 94
Chemung River at Chemung, N. Y. ... .. o0ivitiiiiiiiiirnrinnenneen. 94
Susquehanna.River at Wilkes-Barre, Pa.........ovvviinneeneninnnnns 97
Storm of August 21-25, 1033 ... ... i e 100
Floods of August 1033 ... ..ottt it eerans 101
East Branch of Delaware River at Fishs Eddy, N. Y................. 101
Susquehanna River at Marietta, Pa..........ovivuvrnrnerennnnnenss 107
Flood of May 1804, Susquehanna River at Harrlsburg, Pa............... 112
Flood of April-May 1909, West Branch of Susquehanna River at Williams-
DOTt, Pa. o e e 118
Flood of May 1916, Genesee River at St. Helena, N. Y................... 125
Rates of flood discharge .:....ovvveiiiiiii e 134
Index ...ttt e e e e e eaeas 139
ILLUSTRATIONS
Page

Prate 1. Map of Susquehanna River and East Branch of Delaware River
basins showing lines of equal precipitation, August 20-25, 1933

facing 114
2. Map of Susquehanna River basin showing lines of equal precipitation,
May 17-23, 1894 ..o\ facing 114

ox



v

Ficure 1.

2.

10.

1L

12.

13.

14

15.

16.

17.

18.

ILLUSTRATIONS

Average ground-water depletion curve, Sacandaga River near Hope,
N X oottt e e e
Relation between the rate of ground-water discharge and volume
of available ground-water storage, Sacandaga River near Hope,
N Y e e e e

. Graph showing relation between rainfall and rainfall excess, in

terms of infiltration index, at recording rain gage near East Branch
of Delaware River basin, storm of. August 20-25, 1933...........

. Map of Sacandaga River basin above Hope, N. Y., showing depth,

in inches, of water content of snow on the ground, March 8,
1036 e e s

. Map of Sacandaga River basin showing depth, in inches, of wates

content of snow on the ground, March 15-16, 1936 ...............

. Map of Sacandaga River basin showing depth, in inches, of water

content of snow on the ground, March 22, 1936..................

. Map of Sacandaga River basin above Hope, N. Y., showing lines of

equal precipitation, March 8-22, 1936..............ccoiiiiuaiann,

. Hydrograph of Sacandaga River near Hope, N. Y., showing dis-

charge, March 1936 . ... ..ot ivin i e e i

. Map of basin of East Branch of Delaware River above Fishs

Eddy, N. Y., showing lines of equal precipitation, March 9-22,
1036 it e e e
Hydrograph of East Branch of Delaware River at Fishs Eddy,
N. Y., showing discharge, March 1936..................ooooi
Map of Susquehanna and upper Delaware River basins, showing
lines of equal precipitation, March 9-22, 1936....................
Hydrograph of Chemung River at Chemung, N. Y., showing dis-

charge, March 1936 ..............ccvunn. P
Hydrograph of Susquehanna River at Wilkes-Barre, Pa., showing
discharge, March 1936 ........coiiiiiiiiiiaiiie e
Hydrograph of Susquehanna River at Harrisburg, Pa., showing
discharge, March 1036 ...........c.0uritiiiiiereninnnnnennann

Hydrograph of West Branch of Susquehanna River at Williams-
port, Pa., showing discharge, March 1936.......................
Map of Genesee River basin above St. Helena, N. Y., showing lines
of equal precipitation, March 11-14, 1920 ........................
Hydrograph of Genesee River at St. Helena, N. Y. showing dis-
charge, March 1920 ... ... iiiiiiii i i it
Relation between cumulative snow runoff and degree-days above
freezing, Driftwood Branch of Sinnemahoning Creek at Sterling
Run, Pa., February-March 1936................ccoiiiiiin....

. Relation between volume of supply and runoff.............. ... ...,
. Map of Sacandaga River basin above Hope, N. Y., showing lines of

equal precipitation, July 8-12, 1921 ...............c.oiiien....

. Hydrograph of Sacandaga River near Hope, N. Y. showing dis-

charge, July 1921, and precipitation, July 8-12, 1921..............

. Map of eastern United States showing position of storm, 8 a.m.

(ESTY, July 8 1935 oo

. Map of upper Susquehanna River basin showing lincs of equal precipi-

tation, noon July 6 to noon July 10, 1935. ...............ouno...

. Curves showing average depth of rainfall over indicated areas dur-

ing periods of maximum intensity, storm of July 6-10, 1935.......

Page

12

16

17

18

19

20

27

28

40

42

50

57

66

71

73

82

86

87

88

91

92



Freure 25.

TABLE

ILLUSTRATIONS

Hydrograph of Chemung River at Chemung, N. Y., showing dis-
charge, July, and precipitation, July 6-10, 1935...................

Page

95

26. Hydrograph of Susquehanna River at Wilkes-Barre, Pa., showing
discharge, July, and precipitation, July 6-10, 1935................ 98

27. Map of eastern United States showing position of storm, 8 am.
(E.S.T.), August 24, 1933 ... i e 100

28. Hydrograph of East Branch of Delaware River at Fishs Eddy,

N. Y. showing discharge, August-September, and precipitation,
August 21-25, 1933 ..o e 104

29, Hydrograph of Susquehanna River at Marietta, Pa., showing dis-
charge, August-September, and precipitation, August 21-29, 1933.. 110

30. Map of United States showing position of storm, 8 am. (E.S.T.),
May 20, 1894 ..ottt e e e ety 113

31. Hydrograph of Susquehanna River at Harrisburg, Pa., showing
discharge, May-June, and precipitation, May 16-26, 1894......... 114

32. Map of United States showing position of storm, 8 a'm. (E.S.T.),
April 30, 1900 . ... s 119

33. Map of basin of West Branch of Susquehanna River above Wil-

liamsport, Pa., showing lines of equal precipitation, April 27-
May 1, 1009 ... e, 120

34. Hydrograph of West Branch of Susquehanna River at Williams-

port, Pa., showing discharge, April-May, and precipitation, April
26-May 10, 1900 ... . ettt e e e 122

35. Map of United States showing position of storm, 8 a.m. (E.S.T.),
May 16, 1916 ... .ot e e 126

36. Map of Genesee River basin above St. Helena, N. Y., showing lines
of equal precipitation, May 14-20, 1916 ......................... 127

37. Hydrograph of Genesee River at St. Helena, N. Y., showing dis-
charge, May, and precipitation, May 12-21, 1916................. 128

38. Concentration of direct runoff in relation to concentration of net
SUDDIY e e 135

TABLES

Page
1. Summary of rainfall and runoff data for winter floods.............. 14

2. Observations of snow cover, Sacandaga River near Hope, N. Y.,
March 1936 ..o i e it it 15

3. Precipitation, in inches, for 12-hour periods, at stations in and near
Sacandaga River Basin near Hope, N. Y., March 8-22, 1936...... 21

4. Daily mean areal precipitation and temperatures, Sacandaga River
near Hope, N. Y., March 7-22, 1936.........covvveiiirvenennnns 22
5. Hydrologic data observed at Wanakena, N. Y., March 1936........ 22

6. Daily mean temperature, Sacandaga River near Hope, N. Y., Feb-
ruary 8 to March 8, 1936.......ccviriviii i ieaienns 23

7. Gage height and discharge of the Sacandaga River near Hope, N. Y.,
during flood of March 1936.........coviriie et 24

8. Computation of volume of direct runoff associated with precipita-
tion period March 8-14, 1936, Sacandaga River near Hope, N. Y... 25

9. Computation of time of center of mass of net supply and lag intervals,
Sacandaga River near Hope, N. Y., March 8-14, 1936............ 25



TABLES

VI

Page

TapLe 10. Computation of volume of direct runoff associated with precipita-

tion period March 15-22, 1936, Sacandaga River near Hope,
0 R 4 O 26

11. Computation of time of center of mass of net supply, and lag in-
tervals, Sacandaga River near Hope, N. Y., March 15-22, 1936. . 26

12. Precipitation, in inches, for 6-hour periods, at stations in and near

East Branch of Delaware River at Fishs Eddy, N. Y., March
LK T 29

13. Daily mean temperature, East Branch of Delaware River at Fishs
Eddy, N. Y., February 8 to March 8 1936...................... 30

14. Daily mean areal precipitation and temperatures, East Branch of
Delaware River at Fishs Eddy, N. Y., March 8-22, 1936.......... 30

15. Gage height and discharge of the East Branch of Delaware River at
Fishs Eddy, N. Y., during flood of March 1936.................. 31

16. Computation of volume of direct runoff associated with precipita-

tion period March 8-15, 1936, East Branch of Delaware River
at Fishs Eddy, N. Y. ... i ittt iiniaie e 32

17. Computation of time of center of mass of net supply, and lag

intervals, East Branch of Delaware River at Fishs Eddy, N. Y,
March 8-15, 10360 . ..vtiiii ittt ittt 32

18. Computation of volume of direct runoff associated with precipita-

tion period March 15-21, 1936, East Branch of Delaware River
at Fishs Eddy, N. Y. ... ittt ittt ieieencannnnns 33

19. Computation of time of center 9f mass of net supply, and lag in-

tervals, East Branch of Delaware River at Fishs Eddy, N. Y.,
March 15-22, 1936 .. vvinneeietieeiieiiieraennierietseannenns 34

20. Hourly precipitation, in inches, at recording gages in and near
Susquehanna River basin, March 9-22, 1936..................... 35

21. Reported snowfall, in inches, at selected cooperative Weather Bu-
reau stations, Susquehanna River basin, March 9-22, 1936........ 39

22. Daily precipitation, in inches, at rain gages in and near Chemung
River basin above Chemung, N. Y., March 8-21, 1936............ 4

23. Daily mean temperature, Chemung River at Chemung, N. Y., Feb-
ruary 8 to March 8, 1936.........coviiniiiiniiiiiiiiiiian. 45

24. Daily mean areal precipitation and temperatures, Chemung River
basin, March 8-22, 1936 ... ...oviirvrrnenni et ainriinenennins 45

25. Gage height and discharge of the Chemung River at Chemung,
N. Y., during flood of March 1936..........cccvvvveiinenvnennn. 45

26. Computation of volume of direct runoff associated with precipita-
tion period March 9-14, 1936, Chemung River at Chemung, N. Y. 47

27. Computation of time of center of mass of net supply, and lag in-
tervals, Chemung River at Chemung, N. Y., March 8-14, 1936.... 47

28. Computation of volume of direct runoff associated with precipita-

tion period March 15-22, 1936, Chemung River at Chemung,
S 47

29. Computation of time of center of mass of net supply, and lag in-
tervals, Chemung River at Chemung, N. Y., March 15-21, 1936. . 48

30. Daily precipitation, in inches, at rain gages in and near S.usque-
hanna River basin at Wilkes-Barre, Pa., March 9-21, 1936........ 51

31. Daily mean temperature during 30-day period preceding storm

period March 9-21, 1936, Susquehanna River at Wilkes-Barre,
Pa 52



TABLES

TABLE 32. Daily mean areal precipitation and temperatures, Susquehanna River

33.

34.

35.

36

37.

38.
39.
40.

41,

42,

43.

45.

47.
48.

49.

50.

51

at Wilkes-Barre, Pa., March 9-22, 1936........coovvvieneenininnen
Gage height and discharge of the Susquehanna River at Wilkes-
Barre, Pa., during flood of March 1936............ccvviiinets
Computation of volume of direct runoff associated with precipita-
tion period March 9-15, 1936, Susquehanna River at Wilkes-
Barre, Pa. ..o it e i i
Computation of time of center of mass of net supply, and lag in-
tervals, Susquehanna River at Wilkes-Barre, Pa., March 9-15,
L Tt
Computation of volume of direct runoff associated with precipita-
tion period March 16-21, 1936, Susquehanna River at Wilkes-
Barre, Pa. .. e i i it
Computation of time of center of mass of net supply, and lag in-
tervals, Susquehanna River at Wilkes-Barre, Pa., March 16-21,
L G
Daily precipitation, in inches, at stations in and near lower Susque-
hanna River basin, March 9-21, 1936. .........ccovevveivnvnnnnn
Daily mean areal precipitation and temperatures, Susquehanna River
at Harrisburg, Pa, March 9-21, 1936...........ccovenviniiiinnn,
Gage height and discharge of the Susquehanna River at Harrisburg,
Pa,, during flood of March 1936...........covviiiineeninenenes
Computation of volume of direct runoff associated with precipita-
tion period March 9-15, 1936, Susquehanna River at Harrisburg,
N
Computation of time of center of mass of net supply, and lag
intervals, Susquehanna River at Harrisburg, Pa., March 9-15,
1036 oo e e e e
Computation of volume of direct runoff associated with precipita-
tion period March 16-21, 1936, Susquehanna River at Harrisburg,
R

. Computation of time of center of mass of net supply, and lag

intervals, Susquehanna River at Harrisburg, Pa, March 16-21,
1936 ............ S N
Daily precipitation, in inches, at stations in and near West Branch
of Susquehanna River basin at Williamsport, Pa, March 9-21,
1036 .oviviii it et teteaa ettt et enas

. Daily mean areal precipitation and temperatures, West Branch of

Susquehanna River at Williamsport, Pa.,, March 9-21, 1936......
Daily mean temperature, West Branch of Susquehanna River at
Williamsport, Pa., February 8 to March 8, 1936..................
Gage height and discharge of the West Branch of the Susquehanna
River at Williamsport, Pa., during flood of March 1936..........
Computation of volume of direct runoff associated with precipita-
tion period March 9-15, 1936, West Branch of Susquehanna River
at Williz}msport, Pa. e
Computation of time of center of mass of net supply, and lag
intervals, West Branch of Susquehanna River at Williamsport,
Pa, March 9-15, 1936 .......coiiriitiie i iireranannens
Computation of volume of direct runoff associated with precipita-
tion period March 16-21, 1936, West Branch of Susquehanna
River at Williamsport, Pa. .......ccvviiiiiverineinrnnennnens

v
Page
52

53

54

54

55

55
58
59

60

61

61

62

62

65
67
67

68

69

69

69



vix

TaBLE 52. Computation of time of center of mass of net supply, and lag

53.
5.
55.
56.
57.
58,
59.

60.

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

72,

73.

74.

75.

TABLES

intervals, West Branch of Susquehanna River at Williamsport,
Pa., March 16-21, 1936 ....... e e e
Daily precipitation, in inches, at stations in and near Genesee River
basin above St. Helena, N. Y., March 11-14, 1920................
Daily precipitation, in inches, at stations in and near Genesee River
basin above St. Helena, N. Y., March 10-14, 1920................
Hourly precipitation, in inches, at recording gages in and near
Genesee River basin, March 8-20, 1920...............c.oi it
Daily mean areal precipitation and temperatures, Genesee River at
St. Helena, N. Y., March 9-15, 1920. .. ............ovviininn.
Daily mean temperature, Genesee River at St. Helena, N. Y,
February 9 to March 9, 1920. ... ...t
Snow depth and snowfall at Weather Bureau stations in and near
Genesee River above St. Helena, N. Y., March 7-17, 1920........
Gage height and discharge of Genesee River at St. Helena, N. Y.,
during flood of March 1920............oiiiiiiiiiiiiiiiinnns.
Computation of volume of direct runoff associated with precipita-
tion period March 10-14, 1920, Genesee River at St. Helena,
N Y i
Computation of time of center of mass of net supply, and lag
intervals, Genesee River at St. Helena, N. Y., March 9-14, 1920. ..
Rates and depths of snow melt. .. ..o oeenne oo e e
Summary of rainfall and runoff data for nonwinter floods..........
Precipitation, in inches, for 12-hour periods, at rain gages near
Sacandaga River basin above Hope, N. Y., July 812, 1921......
Gage height and discharge of Sacandaga River near Hope, N. Y.,
during flood of July 1921

Page

70

74

74

75

77

77

78

79

80

80

84

&9

89

Computation of volume of direct runoff associated with precipita- .

tion period July 8-12, 1921, Sacandaga River near Hope, N. Y....
Precipitation, in inches, for 12-hour periods, at stations in and near
Chemung River basin, July 6-10, 1935....................... ...
Gage height and discharge of Chemung River at Chemung, N. Y,
during flood of July 1935. ... .. o i
Computation of volume of direct runoff associated with precipita-
tion period July 7-10, 1935, Chemung River at Chemung, N. Y....
Daily precipitation, in inches, at stations in and near Susquehanna
River basin above Wilkes-Barre, Pa., July 6-10, 1935............
Gage height and discharge of Susquehanna River at Wilkes-Barre,
Pa., during flood of July 1935..... ... i
Computation of volume of direct runoff associated with precipita-
tion period July 6-10, 1935, Susquehanna River at Wilkes-Barre,
Pa, e
Hourly precipitation, in inches, at recording rain gages in and near
Susquehanna and upper Delaware River basins, August 20-25,
1033 e e e
Daily recorded rainfall, in inches, at statlons in and near East
Branch of Delaware River at Fishs Eddy, N. Y., August 20-25,
103 e
Precipitation, in inches, for 6-hour periods, at stations in and near
East Branch of Delaware River at Fishs Eddy, N. Y., August
20-25, 1933

90

95

96

9%

97

99

99

102



TABLES

TaBLE 76. Gage height and discharge of East Branch of Delaware River at

77.

78.

79.

81.

82.

83.

84.

85.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Fishs Eddy, N. Y., during flood of August 1933................
Computation of volume of direct runoff associated with precipita-
tion period August 21-25, 1933, East Branch of Delaware River
at Fishs Eddy, N. Y. oo e
Precipitation, in inches, at rain gages in and near Susquehanna
River basin above Marietta, Pa.,, August 21-31, 1933............
Gage height and discharge of Susquehanna River at Marietta, Pa,,
during flood of August 1933. .. ..ottt

. Computation of volume of direct runoff associated with precipita-

tion period August 21-25, 1933, Susquehanna River at Marietta,
S T
Precipitation, in inches, at stations in and near Susquehanna River
basin above Harrisburg, Pa., May 16-26, 1894..........cc......
Hourly precipitation, in inches, at recording Weather Bureau rain
. gages near Susquehanna River basin, May 16-24, 1894............
Gage height and discharge of Susquehanna River at Harrisburg, Pa.,
during flood of May 1894, .. ...t
Computation of volume of direct runoff associated with storm
period May 17-23, 1894, Susquehanna River at Harrisburg, Pa....
Daily precipitation, in inches, at stations in and near West Branch
of Susquehanna River basin above Williamsport, Pa., April 27
t0 May 10, 1909 ...\ o o e e e

. Daily mean areal precipitation and temperatures, West Branch of

Susquehanna River at Williamsport, Pa., April 27 to May 4,
1000 e e et
Gage height and discharge at indicated time, West Branch of
Susquehanna River at Williamsport, Pa., April-May 1909........
Computation of volume of direct runoff associated with precipita-
tion period April 27 to May 4, 1909, West Branch of Susque-
hanna River at Williamsport, Pa. .............cviiiiiiin.,
Computation of time of center of mass of net supply, and lag
intervals, West Branch of Susquehanna River at Williamsport,
Pa, April 27 to May 4, 1909. ...t
Daily precipitation, in inches, at rain gages in and near Genesee
River at St. Helena, N. Y., May 13-19, 1916.........c.ccvu....
Hourly precipitation, in inches, at recording Weather Bureau gages
near Genesee River basin, May 13-24, 1916.........covvuvvnnnn..
Gage height and discharge of Genesee River at St. Helena, N. Y.,
during flood of May 1916..........ccoi i,
Computation of time of center of mass of net supply, and lag
intervals, Genesee River at St. Helena, N. Y., May 13-19, 1916. ...
Computation of volume of direct runoff associated with precipita-
tion of May 13-19, 1916, Genesee River at St. Helena, N. Y......
Concentration of rainfall and runoff during major winter and non-
winter floods

X

Page

106

107

108

m

116

117

118

123

124

124

125

125

129

130

132

133

133






MAJOR WINTER AND NONWINTER FLOODS
IN SELECTED BASINS
IN NEW YORK AND PENNSYLVANIA

By W. B. LANGBEIN AND OTHERS

L
ABSTRACT

The scientific design of flood-control works is based on an evaluation of the
hydrologic factors basic to flood events, particularly how rainfall and snow runoff,
soil conditions, and channel influences can combine to produce greater or lesser
floods. For this purpose an analysis of the pertinent hydrologic data is needed.
The methods of analysis adopted should conform as closely as possible to those
already in use and must be adapted to the quality of the available information.

Maximum floods in 8 basins in New York and Pennsylvania during the winter
and nonwinter months were studied, a total of 21 floods.

The most outstanding winter flood of record in the North Atlantic region was
that of March 1936. Rainfall plus snow melt in the basins studied ranged between
3.04 and 6.87 inches, and associated volumes of direct runoff from 1.88 to 5.63
inches. Winter floods have a common characteristic in their relation to freezing
temperature. The antecedent periods, representing a period of snow accumulation
and frost penetration, are below freezing, and the flood itself is contemporaneous
with a period of above-freezing temperatures, usually associated with rain, during
which the previously accumulated snow js melted. A second common characteristic
of major winter floods is their tendency to be associated with widespread causal
meteorologic conditions. There was a more complete conversion of rainfall and
snow melt into runoff during the winter storms studied than during the wettest
nonwinter flood. Snow melt during winter floods ranged from 0.04 to 0.07 inch
per degree-day above 32° F,

The depth of mean areal rainfall produced by the nonwinter storms studied
ranged from 3.05 to 4.96 inches. The maximum 24-hour quantity at single stations
was 14 inches, which was measured during the storm of July 1935 in New York.
The volume of direct runoff ranged between 1.39 and 3.41 inches. The portion of
rainfall that was converted into runoff varied in accordance with the rate of
antecedent base flow, expressed in second-feet per square mile, and emphasized
the influence of antecedent conditions.

The average volume of direct runoff during winter floods was 4.24 inches, and the
average during nonwinter floods was 2.44 inches. The latter, however, were more
concentrated as to time, tending to compensate for large volume of runoff in
winter, so that the crest rates of direct runoff averaged 0.056 inches per hour during
the winter and 0.051 inches during the nonwinter period.

INTRODUCTION
UTILITY OF FLOOD-CONTROL DATA

In recent years nearly all parts of the country have experienced record-
breaking floods that have caused much damage and suffering, yet this

1



2 FLOODS IN NEW YORK AND PENNSYLVANIA

damage has not discouraged the continued occupancy and use of lands
so situated as to be almost predestined to recurrence of flooding. Instead,
demands have been made that the floods be controlled, so that damages
in the future can be avoided or at least mitigated. The scientific design
of public works for the control of floods is based on the study and
evaluation of the hydrologic factors basic to floods, such as rate and
amount of rainfall and snow melt, soil conditions, and. channel influences.
The first step in such an evaluation is the marshaling of all available
climatologic and stream-flow data in an orderly array, convegient and
accessible for thorough investigation. The United States Geological
Survey in several recent reports on floods has presented comprehensive
data in considerable detail. These essential data are not, however, in a
form suitable for direct application to flood-control problems. For such
purposes there is need for the computation of basic rates, volumes, and
interrelations and for explanation of the processes involved in the cor-
relation of rainfall and runoff. This report is directed to that end; it
presents results of computations and analyses of basic data in publica-
tions and files of the Geological Survey and the Weather Bureau.

A further objective is the presentation of tested procedure for the
analysis of flood data. The section on Methods of analysis outlines
techniques that are of wide utility. The application of computed results
to practical problems is dependent to a large extent on the method by
which they were derived, as results derived by one procedure are not
necessarily comparable with those derived by another. The advantages
of uniform procedure are many. This report, therefore, explains in more
detail than heretofore the methods used by the Geological Survey for
evaluating the basic rates and volumes needed in considering water
problems. The computations are presented in form suitable for use in
other similar studies.

SCOPE OF THE PRESENT REPORT

The work presented in this report had its inception in a project for
“Surveys of floods and droughts” for which funds were provided by the
Federal Emergency Administration of Public Works. The compilation-
of basic data on major winter and nonwinter floods according to outlines
prepared by the senior author was assigned to the district offices of the
Geological Survey at Albany, N. Y., and Harrisburg, Pa. The work
at Albany was performed by H. W. Fear, assisted by L. A. Wiard,
G. E. Cook, D. Myers, and J. McGrath, under the direction of A. W.
Harrington, district engineer; and that at Harrisburg by Geo. Weber,
assisted by M. I. Rorabaugh and T. H. Hake, under the direction of
J. W. Mangan, district engineer. The coordination of the work and the
preparation of this report were conducted by W. B. Langbein, division
of water utilization, under the direction of R. W. Davenport, chief.



INTRODUCTION 3

Early hydrologic analysis in the United States was directed largely
toward the study of the annual yield of rivers and the relations between
this yield and such climatic factors as annual precipitation and tempera-
ture. General conclusions reached by such men as Rafter, Vermeule, and
others who carried on these early studies still find wide application and
utility. .

As the demands for water for power, irrigation, and municipal use
increased, the irregularly varying rates of flow of rivers became of
greater economic consequence, and it was desirable to ascertain the
nature of stream flow during short periods of time. Thus, Mead! in
1908 and Meyer2 in 1915 discussed cerfain principles underlying the
relations between monthly climatic conditions and associated runoff and
showed that such analysis required the maintenance of a distinction
between surface and ground-water runoff and the study of their relation
to soil moisture.

Analysis of the March 1913 flood in Ohio by the Miami Conservancy
District and the subsequent design and construction of a system of
detention reservoirs in the Miami River Basin served to emphasize that
much of the yield of many streams occurs as flood flow associated with
identifiable heavy rainfall. Intensive studies of the nature of stream flow
in times of flood for use in the design of protective or control works are
now directed, among other things, toward answering the question of
how much runoff will result from a given storm and- what will be its
time distribution.

The conclusion has generally been reached that stream flow is the
integrated result of the many separate but generally identifiable meteoro-
logic factors and the indirectly related but important soil, geologic, and
biologic factors. Search is in progress for methods for evaluating the
runoff in a given area in terms of the associated edaphic and physio-
graphic conditions. Records of stream flow have been collected by the
Geological Survey at some places for over 40 vears. These include many
floods, representing many different combinations of meteorologic and
hydrologic conditions. Such records, in conjunction with the climatologic
records of the Weather Bureau, provide a basis for solution of the
rainfall-runoff equation.

The present report is essentially a presentation of basic hydrologic
conditions underlying major winter and nonwinter floods of record
in selected areas in New York and Pennsylvania, followed by derivation
of certain fundamental factors. In its preparation search has been made
for all existent information on rainfall, snow cover, and temperature

1 Mead, D. W., Water-power engineering, pp. 111-197, New York, McGraw Publishing Co.,
1908.

2 Meyer, A. F., Computing runoff from rainfall and other physical data: Am. Soc. Civil Eng.
Trans., vol. 79, pp, 1056-1224, 1915.
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not generally available in regularly published reports of the Weather
Bureau or the Geological Survey. Data heretofore published are not
included in this report, except where deemed necessary for completeness
or for explanation. Acknowledgment is made to the Weather Bureau
for furnishing results of measurements and observations of rainfall and
temperature, and to other persons and agencies, as indicated in the
appropriate places, who have furnished helpful information.

Besides these basic data, the report presents mean areal storm precipi-
tation ; mean areal precipitation during short periods of time; snow cover
and snow melt; mean areal temperature; volume of direct and ground-
water runoff ; and retention, infiltration index, and time interval between
the occurrence of rainfall plus snow melt and the associated direct runoff,
as derived by computation. Methods of deriving these results are ex-
plained in the following section.

METHODS OF ANALYSIS

The analytical methods followed in this report are, in general, those
already described in other flood reports of the Geological Survey. They
conform as closely as practicable to standard procedures already in use
and described in other published works. Some departures seemed to be
required by the quality of the available information and the time avail-
able for its compilation. In order that the adequacy of the computed
results may be evaluated, the methods actually employed are described
below.

Rainfall —Thorough search was made for rainfall records in pub-
lished reports and files of the Weather Bureau and other organizations.
All data so compiled for areas in or near the respective basins were used
to compute the mean areal precipitation.

The mean areal precipitation during the storms studied was computed
by the Thiessen3 method, the lines being drawn by the use of perpen-
dicular bisectors, as described by Horton.# This method assumes that the
precipitation at any point in the basin during a given interval is the same
as that recorded at the nearest rain gage. The ratio between the area
so assigned to a given rain gage and the total basin area is its Thiessen
weight. The recorded total storm precipitation at each rain gage was mul-
tiplied by its Thiessen weight. The sum of the products equals the mean
areal precipitation. In order to show the areal distribution of total storm
rainfall, isohyetal maps also have been prepared. In general, these maps
have not been used for determining mean areal precipitation, tests having
demonstrated that in the areas under consideration the Thiessen method
was adequate for the purpose. The Thiessen weights were convenient

3 Thiessen, A. H., Precipitation average for large areas: Monthly Weather Rev., Vol. 39, p.

1083, July 1911,
¢ Horton, R. E., Rational study of rainfall data: Eng. News-Record, pp. 211-213, Aug. 2, 1917.
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also for use in determining mean areal precipitation during selected
portions of the storm, as described below.

Besides the total amount of storm rainfall, information as to its time
distribution is of interest, as well, particularly with respect to computa-
tion of infiltration rates and detailed time comparisons of rainfall and
runoff. For this purpose the mean areal precipitation was computed for
specified intervals of time throughout the storm period. The length of
the interval was chosen on the basis of the accuracy of the available
records and the size of the particular basin. Thus, 6-hour intervals were
chosen for the Sacandaga River Basin above Hope, N. Y., with an area
of 491 square miles, and 24-hour intervals for the basin of West Branch
of Susquehanna River above. Williamsport, Pa., area 5,682 square miles.
The longest interval used was 24 hours.

Most of the rain gages available for this purpose were read only once
daily, either in the morning or in the evening, but two or more recording
gages also were available within the storm areas and within or near
the basins studied.

The records of hourly rainfall at the automatic rain gages were used
to establish a rainfall distribution pattern for the given basin. Allowance
was made for the estimated time of travel of the storm between the point
of observation and the basin or the group of rain gages. Time of travel
was estimated by comparison of the times of rainfall at the available
automatic rain gages and inspection of the weather map. Measurements
of the daily catch at each nonautomatic rain gage were then distributed
over the 24-hour period preceding the time of observation so as to con-
form to the pattern established by the automatic rain gages.

In this manner the precipitation between selected clock hours was
computed at each rain gage, regardless of the time of reading. These
computed amounts are shown in the tables accompanying the account of
each flood. The contemporaneous amounts at the several rain gages were
averaged in accordance with the Thiessen method to obtain the mean
areal precipitation during the respective periods of time, and the mean
areal amounts are given in the tables.

Snow cover.—Extensive search was made for information regarding
snowfall and antecedent snow cover. With respect to the flood of March
1936, this phase was, in general, satisfactorily covered by the data given
in Geological Survey Water-Supply Papers 798, 799, and 8005. Addi-
tional information is included in this report. The available data on snow
cover, however, were inadequate to account for the behavior of streams.
These data, therefore, were supplemented by an approximation of the
water content of the initial snow cover, obtained by subtracting the
mof March 1936, pt. 1, New England rivers; pt. 2, Hudson River to Susquehanna

River region; pt. 3, Potomac, James, and upper Ohio Rivers: U. S. Geol. Survey Water-Supply
Papers 798, 799, and 800, 1937.
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runoff from the precipitation during that part of the winter or subfreez-
ing season preceding the flood and considering the difference as an
indication of the maximum amount of water on the ground in the form
of snow just before the thaw. There were indications that some snow
remained in parts of the basins after the flood period. Estimates of water
content of this snow were made by computing the difference between
direct runoff and precipitation during a thawing period immediately
following the flood, and using the results, where positive, as an indication
of the minimum contribution to runoff during the subsequent thawing
period from snow left on the ground after the main flood period. These
differences between total precipitation and observed runoff during the
flood periods described gave information that was useful in supplement-
ing and interpreting measurements of snow cover and in making esti-
mates of the probable snow cover preceding the flood and that remaining
on the ground after the flood and from these to compute the amount of
snow melt contributed to the flood. The computations for each flood
are described in appropriate detail as a part of the discussion of that flood.

Direct runoff —Computations of the amount of direct runoff during
the several floods were made by the methods described in other flood
reports of the Geological Survey, particularly Water-Supply Paper 867.6
In brief, the method used is as follows : Hydrographs of discharge during
the flood period, as well as during a substantial period preceding and
following the flood were plotted, as shown, for example, on figure 8,
page 20, which applies to Sacandaga River near Hope, N. Y., during the
flood of March 1936.

Fluctuations in stream flow suggest two classifications as to time:
direct and base runoff. Direct runoff is that runoff which is directly
associated as to time with causative rainfall or melting of snow. It forms
the bulk of the hydrograph and is responsible for the destructive flood
flows. Base runoff on the other hand is represented by the sustained or
fair-weather flow, and in the basins studied in this report, may be con-
sidered as composed largely of ground-water effluent. Direct runoff in
these basins may be considered to include superficial wash or sheet flow
and such shallow perched-water efluent—wet-weather seeps and springs
—that reaches the streams during and promptly after the occurrence of
rainfall or the melting of snow.

The total area under the hydrograph on figure 8 represents the runoff
that reached the streams from both surface and ground-water sources
resulting from the storms of March 1936 plus the flow that would have
been maintained if there had been no increment of supply after March 10.
On figure 8 a graph has been drawn representing the estimated discharge

¢ Hurricane floods of September 1938: U. S. Geol. Survey Water-Supply Paper 867, pp. 421-
423, 1940.
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from ground-water sources. The area enclosed within the hydrograph
and above the estimated base-flow line is equivalent to the direct runoff
associated with the flood. This area has been further subdivided, where
necessary to determine the portion of the direct runoff attributable to
discrete or separate periods of precipitation. The method of making this
subdivision is also shown on figure 8. Table 8, page 25, shows the steps
used in computing the volume of direct runoff of Sacandaga River near
Hope, N. Y., associated with the precipitation period, March 8-14, 1936.

The mean river discharge during successive equal intervals of time
are tabulated through the flood rise, following the estimated recession
shown on figure 8, for March 16-19, when the normal recession from
the first flood rise was interrupted by succeeding rainfall and snow
melt. The estimated base runoff (including any direct runoff remaining
from a preceding flood that had not drained from the channel system
before the beginning of the flood in question) as read from figure 8
is then tabulated for corresponding intervals and subtracted from the
mean discharge previously listed. The differences represent the direct
runoff during the selected intervals. The sum of the differences, con-
verted into inches over the drainage area, represents the total direct
runoff associated with the indicated flood.

Ground-water runoff and recharge—The approximate amount of
ground-water runoff and net recharge to ground water may also be
computed from the hydrograph and the estimated graph of base flow.
The method of computation used is as follows: Again referring to figure
8 showing a hydrograph of discharge of Sacandaga River near Hope,
N. Y., during March 1936, it was estimated that as a result of the
climatologic events of March 9-21, ground-water discharge rose from
300 second-feet on March 9 to about 1,750 second-feet on March 28.
During this time the total discharge from ground-water sources was
estimated as 22,500 second-foot-days. Studies of hydrographs of
Sacandaga River during fair-weather periods, when river flow is assumed
to consist entirely of ground-water discharge, indicate that the normal
rate of depletion of this discharge is as shown on figure 1. This depletion
hydrograph was then integrated to determine the volume of flow remain-
ing in the ground-water body that is available for runoff in relation to
the rate of ground-water discharge. The ground-water storage curve, as
the result of the integration is known, is shown on figure 2. Since the
depletion curve shown on figure 1 does not extend below 0.09 second-foot
per square mile, the volumes of storage shown in figure 2 refer to the
volume of 0.09 second-foot per square mile as an origin.7 As previously
stated, the estimated ground-water flow between March 9-28 was about
22,500 second-foot-days. On the last-mentioned day there was an esti-

T Report of cooperative hydrologic investigations: Pennsylvania Dept. Forests and Water, pp.
59--64, processed report, August 1939.

689521—47—2
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FiGuRe 1.—Average ground-water depletion curve, Sacandaga River near Hope, N. Y.

mated rate of discharge of 1,750 second-feet (3.56 second-feet per
square mile), which, according to figure 2, indicated that the volume
in storage to be yielded to the streams regardless of whether there is any
additional rainfall or not was 20,000 second-foot-days. The total flow and
potential flow was therefore 42,500 second-foot-days. But on March 9
there was a flow of 300 second-feet (0.61 second-foot per square mile),
which indicated, according to figure 2, that 4,000 second-foot-days would
be delivered as stream flow after that date in addition to that produced
by subsequent events; accordingly, of the total of 42,500 second-foot-
days, 4,000 must be subtracted as being attributable to events prior to
March 9. The ground-water runoff produced solely by the events of
March 8-21 is therefore 37,500 second-foot-days or 2.8 inches over the
491 square miles.

Separate determinations of the ground-water runoff associated with
each of the two separate flood rises between March 9-22, 1936, were not
made due to the uncertainties of determining the ground-water storage
at the end of the first storm while the streams continued in flood.
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Lag interval.—Recent writers8 have pointed out that the time differ-
ence between supply and the associated direct runoff bears a general
relation to the shape of the unit hydrographs. This time difference,
called the lag interval, is defined herein as the time interval between the
center of mass of supply—rain and snow melt—effective in producing
runoff and the center of mass of direct runoff. As described by Langbein,?
the lag interval as so defined not only is inversely proportional to the
ordinates of maximum discharge hydrographs of equal volume but also
is equal to the slope of the discharge-storage curve applicable to the
basin, and so provides two useful measures.

Computations have been made of the lag interval for each of the floods
studied in this report, and comparisons have been made between the
lag intervals thus computed for different floods in a given basin, and in
a section. Rates of flood discharge comparisons are made between con-
centration of rainfall and runoff during the floods studied in the several
basins in terms of their lag intervals.

¢ Hoyt, W. G., and others, Studies of rainfall and runoff in the United States: Geol. Survey
Water-Supply Paper 772, pp. 209-210, 1936. Snyder, F. F., Synthetic unit graphs: Am. Geophys.
Union Trans., 19th Ann. Meeting, pp. 447-454, 1938. Langbein, W. B., Some channel-storage
and unit-hydrograph studies: Am. Geophys. Union Trans, 21st Ann, Meeting, pp. 620-627, 1940.
9 Langbein, W. B., op. cit.
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In the computation of the lag interval as defined above, the graph
of effective supply is not generally available, particularly with respect
to snow melt. Estimates based on available meteorologic data are there-
fore necessary. The basins studied in this report are large and have
relatively long lag intervals and therefore errors of a few hours in the
estimates of the time of net supply are not important. However, the-
volume of net supply, being equal to the volume of direct runoff, is known.

Table 9, on page 25, illustrates the method employed to determine the
time of center of mass of net supply as applied to the flood of March
8-14, 1936, on the Sacandaga River near Hope, N. Y. The second
column lists the mean areal precipitation as taken from table 3 during
the 12-hour periods indicated in the first column. The third column lists
the estimated snow melt during the indicated periods. These estimates
were made by distributing the known total snow-melt during the flood
period proportionately on the basis of the thawing temperatures during
the selected periods. The total snow melting, determined by the difference
between the initial and final snow cover, as previously discussed, plus
the water content of any additional snowfall during the storm, as indi-
cated by Weather Bureau observations, and supplemented by reference
to temperature readings, was divided by the total degree-days above
32° F. during the storm period. The ratio so derived was multiplied by
the degree-days above 32° F. during each interval, and the product
reported as the melting during that interval. During some of the intervals,
the indicated snowfall exceeded the snow melt so computed. Such condi-
tions are indicated by a minus sign in column 3.

The total supply, as reported in the fourth column of table 9, is the
sum of the precipitation plus the snow melt. This supply was then
diminished by amounts sufficient to account for the infiltration or other
retention of water by the ground, so that the total net supply equaled the
measured direct runoff. The total retention (total supply minus total
direct runoff) was distributed among the several periods as follows:
One-half of the retention of 1.16 inches in the example used for illustra-
tion was distributed uniformly with respect to time among the several
periods and the remaining portion was distributed proportionately on
the basis of amount of total supply. These amounts of retention were
then readjusted so that the retention during any interval did not exceed
the supply during that interval and so that net supply did not begin
until the stream flow at the gaging station had begun to rise. In general,
the amount by which the net supply was reduced at the beginning of the
storm period to allow for the latter adjustment was added to the net
supply in the latter part of the storm period, since the portion of supply
converted into runoff, other things being the same, tends to increase as the
storm continues. The seventh column of table 9 lists the time lever (time
from origin) of the indicated masses of net supply from the selected
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origin, 6 p.m. of March 8; and the last (eighth) column lists the product
of the separate amounts of net supply and their corresponding time
levers. The quotient of the sums of the last column and the sixth column
(net supply) equals the time corresponding to the center of mass of
volume of supply with reference to the origin. The final computations
are made below the table, with appropriate explanation.

Infiltration index.—The progress of precipitation into infiltration and
runoff is a complex process not clearly apparent. It is quite likely that
some of the precipitation becomes runoff at the surface of the ground,
and that as the remaining infiltrated water encounters more impervious
soil horizons, additional volumes are induced to flow laterally through
the upper stratum of greater permeability by relatively short routes to
the stream channels, and so also become part of the direct runoff. There
may be a wide zone of gradation between distinct surface runoff and
distinct ground-water runoff. In the absence of definite information as
to the relative amounts of the surface and subsurface flow that combine
to make up the flood hydrograph, it is convenient to classify their sum

as direct runoff. Similarly, it is convenient to use a single measure of
" the retentive capacity of the ground regardless of the differing rates of
infiltration or percolation existing at different places in the basin or at
different soil horizons.

It might be conceived that the rates at which water can pass below
the ground surface and through lower strata are limited by the .given
soil, vegetal, and moisture conditions and that the supply in excess of
these rates becomes direct runoff. Consequently a measure of these
resultant rates might be defined by the average rate of rainfall such that
the volume of rainfall at greater rates equals the total direct runoff and
the volume at lesser rates equals the volume of retention. This average
rate has been termed the infiltration index and does not necessarily refer
to the rate of infiltration at the ground surface or the rate of percolation
of water through subsurface strata.

The infiltration index for a given storm was determined by the follow-
ing method: Tabulations were prepared of the volume of rainfall that
fell in excess of trial infiltration indices of 0.01, 0.05, 0.10, 0.20, and 0.30
inch per hour at each available. recording rain gage. Graphs were then
prepared showing the computed rainfall excess for each gage against the
total storm rainfall at the particular gage, in terms of the infiltration
index, and lines of equal infiltration index were drawn so as to conform
to the plotted points. Figure 3 shows the results of these computations for
the East Branch of Delaware River Basin above Fishs Eddy, N. Y.,
applicable to the storm of August 20-25, 1933. Four recording rain
gages were available as follows: Scranton, Pa., Binghamton, N. Y,
Kingston, N. Y., and Voorheesville, N. Y. Although none of these were
in the basin, they were well enough arranged around it to indicate the
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storm characteristics. The points plot close enough to the trend lines
shown to justify the assumption that the rainfall distribution at any
point in the area is related to the total precipitation. The maximum
precipitation at any of the recording rain gages was 4.72 inches at
Scranton, Pa., and since the mean precipitation over the basin is 6.22
inches extrapolation was needed. The precipitation in the basin during
the storm varied between a maximum and a minimum of about 12.0
inches and 4.4 inches, respectively, but the curves of equal infiltration
index within this range were considered as straight lines and the mean
areal precipitation as adequately indicating the mean infiltration index.
Figure 3 was based on rainfall records at individual rainfall stations
and the rainfall distribution indicated for the mean areal precipitation
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Figure 3.—Graph showing relation between rainfall and rainfall excess, in terms of infiltration

index, at recorling rain gage near East Branch of Delaware River basin, storm of August

20-25, 1933.
is that for a station having precipitation equal to the mean areal precipita-
tion and does not indicate the distribution of rainfall of a graph showing
contemporaneous hourly values of mean areal precipitation. However,
the generation of runoff is considered a local event and is therefore
determined by the local or unit-area rainfall distribution rather than by
the mean of the contemporaneous rainfall over a whole basin, although
the resultant discharge at the gaging station is the integration of the
runoff as generated from the several localized areas composing the basin.
On this basis, the mean areal infiltration index, according to figure 3,
corresponding to mean areal precipitation of 6.22 inches and direct runoff
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of 3.46 inches, is 0.09 inch per hour. The value of the index so computed
is intended to serve as a measure of the hydrologic conditions affecting
the generation of runoff from rainfall that is independent of the effects
of amount and time distribution of rainfall. The index does not neces-
sarily represent a rate of infiltration or retention that existed for any
appreciable length of time or over any appreciable area.

Difficulties with respect to rate and distribution of snow melt are such
as to prohibit the computation of infiltration index during winter storms.

WINTER FLOODS

The most outstanding winter flood of record in the North Atlantic
region occurred as a result of the widespread extratropical storm and
thaw of March 9-22, 1936. Records of river discharge and flood heights
of the March 1936 floods, as well as studies of the basic hydrologic
conditions, are presented in a series of three volumes published by the
Geological Survey.10 In all but one of the basins studied in this report,
the March 1936 flood was the greatest winter flood of record. The
present study has for its purpose a more detailed inquiry into the
hydrologic background and features of these events than was given in
the earlier reports and a comparison of these winter floods with the major
nonwinter floods in the same basins, which have not hitherto been
undertaken.

Major winter floods have a common characteristic in their relation
to freezing temperatures. Thus, each of the floods summarized in table 1
was preceded by a 30-day period during which the average temperature
was well below freezing, but each was contemporaneously associated
with temperatures markedly above freezing. At the termination of the
subfreezing periods the ground surface was covered with an accumulated
snow cover and the ground was frozen to a depth dependent on the
opportunity for frost penetration, which may be influenced by the
presence of snow cover. Rising temperature releases this snow mantle
at a rate dependent on the intensity and duration of the thawing tem-
perature, and the snow melt almost invariably finds its absorption by the
ground impaired by the presence of frost. The snow melt contributed
to each of the major floods listed in table 1 was augmented by contem-
poraneous rainfall which, as during the March 1936 flood, generally
exceeded the amount of antecedent snow cover.

Possibly a second common characteristic of major winter floods is
their tendency to be associated with the widespread extent of the causal
meteorological conditions. Thus, during March 1936, record-breaking
floods occurred as a result of two widespread storms, each of which

18 The floods of March 1936, pt. 1, 2, and 3: U. S. Geol. Survey Water-Supply Papers 798,
799, and 800, 1937.
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extended over nearly all of New England, New York, Pennsylvania,
and New Jersey, and parts of Maryland and Virginia. The storms
occurred over ground covered by snow, which was melted by a general
rise in temperature contemporaneous with the storm rainfall. Winter
floods, unless caused by an ice jam are definitely not a local condition,
because they depend largely on temperature, which tends to be uniform
over wide areas. Another common characteristic, as illustrated by the
data in table 1, is the tendency of floods throughout the area covered
by this report to occur most frequently during March and April, the
spring “break-up” months, which mark the termination of the winter’s
accumulation of snow and the beginning of the thaw. The season’s
accumulation of snow represents the integration of many different snow-
storms of various intensity and areal extent; it therefore tends to be
uniform over wide areas, but is affected by local altitude and exposure.
The flood-producing potentialities of the snow cover, however, depend
not only upon its depth but also upon how rapidly and to what extent
the temperature rises above the freezing point. During the outstanding
floods listed herein, the rise was abrupt and very marked.

Figure 19 included in the section on nonwinter floods, presents the
results of a study of the relation between rainfall plus snow melt and
the associated total runoff for the various storms listed in tables 1 and 63.
The winter floods lay close to the line indicating 100 percent runoff,
and generally there was a more complete conversion of supply into runoff
than took place during the wettest nonwinter flood studied.

Table 1 summarizes selected hydrologic data with respect to the winter
floods. In the following pages there is presented more detailed information
concerning each of the major winter floods in the basins studied, with
appropriate discussion. The volumes of snow cover, rainfall, and runoff
for the floods of March 1936 given in this report, being based on more
detailed analysis, may differ in some respects from those given for the
same basins in Water-Supply Papers 798 and 799.

FLOODS OF MARCH 1936

SACANDAGA RIVER NEAR HOPE, N. Y.

During the winter of 1935-36 there were prolonged periods of sub-
freezing temperature with heavy snowfall. Records of the depth of snow
on the ground at points in and near this basin just prior to the beginning
of the storm of March 1936 were probably the most adequate of any
section of the State, since there were a number of well-distributed
stations at which snow surveys were made regularly. These stations were
generally at elevations between 800 and 2,000 feet in second-growth
woodlands, typical of a great part of this mountainous drainage basin.
Measurements made early in February showed an average snow depth



TABLE 1.—Summary of rainfall and runoff data for winter floods

Ratio of Time interval from center
Estimated Maximum rate of Difference X Tempera- | Tempera- | Precipita- | maximum | of mass of net supply to—
Total | Water content| net snow | Approximate| Maximum discharge Volume { between |Approximate ture ture tion 24-hour
Drainage Drainage Precipitation precipi- of snow at melt duration of | precipita- ofrdirect | precipitation ground- during during during runoft
basin area period tation beginning of during measurable tion in - * runoft plus snow water storm 30-day 30-day to total Center of Time of
(sq. mi.) (inches) | flood period flood rainfall 24 hours (inches) melt and runoff period | antecedent| antecedent direet mass of peak
(inches) (inches) (hours) (inches) Second- | Inches direct runoft (inches) (°F) period period runoft direct runoft{ discharge
. feet per hour (inches) : (°F) (inches) (percent) (hours) (hours)
Sacandaga River near Hope, } 401 {Mar. 8-14, 1936 1.86 7.35 1.18 54 21,23 10, 200 0.032 ) 1.88 1.16 } 2.8 { 35 16 2.30 35 52 25
N.Y. Mar. 15-22, 1936 3.37 6.17 2.07 96 »1.30 23,900 .075 5.23 .3 . 3 1 R U 27 45 ~ 2
East Branch Delaware River } 783 |{Mar. 9-15, 1936 1.87 4.7, 2.55 42 *3.00 33,900 . 066 3.08 1.34 } 2.1 { 40 20 1.20 43 34 14
at Fishs Eddy, N. Y. . Mar. 15-21, 1936 4,36 2.15 2.15 96 d42.86 46.000 .091 5.45 1.08 : 46 | oo o] 32 36 12
Chemung River at Chemung, } 2 530 Mar. 9-14, 1936 1,89 2.85 2.05 45 ©1.70 92,300 .058 2.39 1.55 } 1.80 { 37 22 1,13 49 33 32
N.Y. 4 Mar. 15-21, 1936 4.71 .8 .0 80 £2.25 83,000 . 051 4.00 54! 86 | e ] 27 30 b
Susquehanna River at Wilkes- 9,960 |{Mar. 9-15, 1936 1. 51 3.0 2.1 |l *1.70| 186,000 .029 2.83 .78 1.25 39 22 1.50 23 67 40
Barre, Pa. 4 Mar, 16-21, 1936 4.15 .9 1. 3 12.25 | 232,000 .036 4,38 .22 . 40 23 1.85 17 70 43
Susquehanna River at Harris- 24, 100 Mar. 9-14, 1936 1.74 3.2 b | U U 436, 000 .028 2.92 .82 } L5 { 40 23 1.70 .2 86 39
burg, Pa. ? Mar. 16-21, 1936 4.69 1.2 IR 2 SN PRI 740, 000 . 048 4.53 .96 . 41 28 2,27 21 83 . 32
West Branch Susquehanna || 5, 682 {Mar. 9-15, 1936 1.99 3.8 2.3 39 82,10 | 165,000 . 045 3.10 1.19 } 2.0 { 39 24 1.30 32 49 27
River at Williamsport, Pa. |J g Mar. 16-21, 1936 6.02 15 .85 55 h4.47 | 264,000 L0732 563 124 - 39 29 2.50 27 50 19
O%rIlesee River at St. Helena, 1,017 | Mar. 10-14, 1920 .88 3.0 2.2 24 1,80 39, 600 . 060 2,08 1.00 .80 36 19 1.10 |- 55 32 26
LY.

» Recorded at 8peculator, N. Y., at 8 a.m. March 12, for preceding 24 hours.

® Recorded at Speculator, N. Y., at about 8 a.m. March 18, for preceding 24 hours.
* Recorded at 8lide Mountain, N. Y., at 8 a.m. March 12, for preceding 24 hours.
d Recorded at 8lide Mountain, N. Y., at 8 a.m. March 18, for preceding 24 hours.
e Recorded at Burdett, N. Y., at 8 a.m. March 12, for preceding 24 hours.

f Recorded at Elmira, N. Y., at midnight March 17, for preceding 24 hours.
s Recorded at Weikert, Pa., in the afternoon of March 11, for preceding 24 hours.
b Recorded at Kylertown, Pa., at midnight March 17, for preceding 24 hours.
i Recorded at Bolivar, N. Y., during late afternoon of March 12, for preceding 24 hours.

Face p. 14
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of at least 21 inches, with a water content of about 4.3 inches. By
March 1, the snow cover had increased to an average of approximately
27 inches, with a water content of over 6 inches, and by March 8, as
indicated in table 2, to nearly 30 inches, with an average water content
of about 7.35 inches. The distribution of the snow cover on March 8
is shown in figure 4. The snow blanket on that day represented potential
runoff of considerable magnitude.

Measurements made during the storm are given in table 2 and shown
graphically on figures 5 and 6. The measurements indicate a water
content of 6.17 inches over the basin on March 15, or a net melting of
1.18 inches during the first storm period. Measurements of snow cover
in the period March 22-25 indicate a mean areal depth of 4.1 inches water
content, or a total snow runoff during the storm of 3.25 inches.

Precipitation during the storm at 12-hour intervals at five rainfall
stations in and near the basin is given in table 3. Precipitation occurred
on every day, the greatest amount being on March 17. The total storm
precipitation over the basin, shown graphically on figure 7, was 5.23
inches, of which 1.86 inches fell during the first period, March 8-14,
and 3.37 inches fell during the second period, March 15-22.

Daily mean precipitation is given in table 4, with daily maximum,
minimum, and average temperatures. The temperature averaged 4° F.

TaBLE 2.—Observations of snow cover, Sacandaga River near Hope, N. Y.,
March 1936

[““T” indicates a trace; ‘“P” indicates patches of snow]

Prior to storm
iod & March 15-17 March 22-25
Place of Alti- period
observation tude
(New York) (feet) Snow Water Snow Water Snow Water
depth | content | depth | content | depth [ content
(inches) | (inches) | (inches) | (inches) | (inches) | (inches)
Arietta. ... ... 1,700 § .o
Barton Mines_.__.....__....___{. ... 27.0 6,21 12.0
Batchellerville. . __ 800 | .
Benson Center..__.__.._.......|_....._. 23.0 5.75 18.5
Broadalbin._..__.__ 800 | oo
1,100 25.8 5.84 18.5
1,700 34.2 8.43 23.3
1, 300 25.3 5.80 13.0
________ 25.0 46.25 14.0
1,860 38.0 49,5 31.0
900 25.2 5.27 14.3
............................ 14.3
1, 650 34.0 48 5 27.0
1, 33.3 8.20 24.0
Morgan Mills______. S LT 33.3 8.17 23.7
Peters Corners...._. . {1/ SO I €. 3
Piseeo_ . ____________ -1 1,700 31.2 7.77 28.8 9. 50 17 6.2
Sacandaga Park_ ______..___.__ 800 24.0 5.23 16.0 4,90 {oe oo
Saratoga County Sanatorium.._j...._.._ 34,5 d48.6 19.5 4.9 3 d.75
............................ 12.0 d3.0
1,000 25.8 5.40 14.3 5.80
800 25.0 6.28 17.9 5.58

aBased on snow surveys between Feb. 28 and Mar. 2, 1936, and other measurements prior
to March 9.

b80 percent of ground covered.

cComputed from observations at nearby points,

dOn basis of estimated 25 percent water density.

@10 percent of ground covered. \
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Figure 4.—Map of Sacandaga River basin above Hope, N. Y., showing depth, in inches, of
water content of snow on the ground, March 8, 1936.
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Figure 5.—Map of Sacandaga River basin showing depth, in inches, of water content of snow
on the ground, March 15-16, 1936.
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Ficure 6.—Map of Sacandaga River basin showing depth, in inches, of water content of snow
on the ground, March 22, 1936.
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Ficuxre 7.—Map of Sacandaga River basin above Hope, N. Y., showing lines of equal precipita-
tation, March 8-22, 1936.
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above freezing during the period, and there was some effective thawing
temperature on each day. Table 5 gives a record of observations at
Wanakena, N. Y., of air and soil temperatures and precipitation during
the month of March. Although Wanakena is not in the basin, the record
is of interest for its completeness and for illustrating the march of events
during this month in the Adirondack Mountains. The record indicates
that frost was present until March 15 at 6-inch depth, but that there
was no frost during the month at 24-inch depth.

Daily mean temperatures during the 30-day antecedent period, Febru-
ary 8 to March 8, are given in table 6. The average for 30 days was
16° F., and on only 2 days was the average above freezing. Active thaw-
ing did not begin until March 9.

Discharge from the basin is given in table 7, and variations in discharge .
in graphic form are shown on figure 8. Direct runoff during the first
period as delineated on figure 8 and as computed in table 8 was 1.88
inches. The lag interval between the rainfall and snow runoff and the
direct runoff (table 9) was 52 hours. The flood peak followed the center
of mass of net supply by 25 hours.

21000 \

8,000

1

18,000 o

\ I\

&000 ~f
| TN

\ 5 AN

Discharge i secend-faet

2000/
< € /1/"*\\
F\\df ___d____.._....._\.L-..-.__«_——--.—--.
| 4 T Fesiinoted graund-water dischor z
I B W S,
T 12 13 14 18 16 17 8 19 20 20 22 2% 26 25 26 27 28 29 30 M 1 2 3 4 O
March 1936 Aprll 1938

Ficrre 8.—Hydrograph of Sacandaga River near Hope, N. Y., showing discharge, March 1936.
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TaBLe 4—Daily mean areal precipitation and temperatures, Sacandaga River near
Hope, N. Y., March 7-22, 1936

Mean areal Temperature
March precipitation Maximum » Minimum » Mean b
(inches) F) (°F.) CF.)

............... 30 N T .
0.09 36 —2 17

.13 38 22 30

.16 42 30 36

.68 43 32 38

44 48 36 42

.25 42 26 34

11 40 21 30

.15 43 18 30

.81 45 32 38

1.10 48 31 40

62 53 37 45

.19 52 38 45

.28 S1 30 40

.16 45 32 38

.06 44 29 36

5.23 1 45 27 36

* Average of readings at Gloversville and Indian Lake, N. Y.
b Average of maximum and minimum,

TaBLE 5.—Hydrologic data® observed at Wanakena, N. Y., March 1936

|In this table “T” indicates a trace, “B” shows blown snow, and “P” indicates patches of snow]

- S
Time |  Air temp. CF.) Soil tertperatire m °F. Precipitation (inches)
Marech of
ob-
serva- Snow
tion Ob- | Maxi- | Mini- 1 12 24 on
(a.m.) | served | mnm | mum | inch | inches | inches | inches | Rain | Snow |ground
9:50 11 21 —12 310 31.4 3L5 14.5
9:35 20 38 —21 22.0 4.4 3L5 13.5
9:40 30 43 20 30.0 30.0 32.0 12.5
9:10 41 52 20 30.0 30.2 32.0 12.5
9:15 22 30 7 27.0 28.4 32.5 10. 5
9:15 6 14 2.5 27.5 29.0 315 10.0
9:15 13 29 —15 20.5 24.2 315 10.0
9:15 21 44 —8 21. 5 24.6 31.5 10.0
9:25 37 44 21 315 31.0 315 10.5
9:15 42 60 27 315 31.4 315 9.5
9:15 49 52 32 32.0 31.8 32.0 6.0
9:30 43 44 41 32.5 31.8 32.0 P
10:05 29 32 24 32.0 32.0 3L5 55
10:20 21 39 16 32.0 32.2 32.0 9.5
9:30 38 56 14 32.0 3.8 32.0 5.5
9:25 35 47 29 32.0 32.0 32.0 1.5
9:40 46 57.5 30 32.0 32.2 32.5 2.5
9:15 33.5 55 31 37.0 32.6 32.0 P
9:15 5L.5 56 31 47.5 35.8 33.0 P
9:20 32 41 29 32.0 32.2 32,0 P
9:15 36 42 7 32.0 32.2 32.5 P
9:55 29,5 38 27 32.0 32.2 32.0 6.5
9:50 36 52 T 10 32.0 32.2 32.5 4.5
9:15 51 66 34 47.0 35.4 33.0 1.0
9:15 49 57 43 50. 5 42.6 33.0
9:15 39 55 22 33.0 32.6 32.5 P
9:15 44 55.5 23 40.0 36. 4 32.5 P
9:15 35 48 30 42.0 34.6 32.5 P
9:15 47 63.5 22 32.5 32.8 33.0 P
9:15 44 60 26 52,5 39.4 33.5 P
9:15 29.5 31 29 37.5 39.2 34.5 P

*Data furnished by the State Rangers School, central-station record.



FLOODS OF MARCH 1936, EAST BRANCH DELAWARE RIVER 23

TaBLe 6.—Daily mean temperature’, Sacandaga River near FHope, N. V.,
February 8 to March 8, 1936

Mean temperature Mean temperature
(°F.) (°F.)
6 3
12 13
12 32
34
34
26
15 14
26
16 15
29 8
18 28
27
32
20
11
17
..................................................... 16

‘AVErag\; of recorded daily maximum and minimum temperatures at Indian Lake and Glovers-
ville, N. Y.

Direct runoff associated with the second period, as computed in
table 10, was 5.23 inches. There was an elapsed time interva} of 45 hours
between the centers of mass of supply and direct runoff.

The direct runoff totaled 7.11 inches. Total precipitation was 5.23
inches and snow melt was 3.25 inches making a total supply of
8.48 inches, indicating a retention of 1.37 inches. However, ground-water
runoff approximated 2.8 inches, pointing to an underestimation of the
gross areal supply of at least 1.43 inches.

At a point some 30 miles below the gaging station, the flow of the
Sacandaga River was impounded in the Sacandaga Reservoir, the level
of which rose over 20 feet during the storm period. The storage of this
large volume of water materially diminished the flood damage created
by the Hudson River below Hadley, N. Y., and saved the city of Albany
from destruction like that wrought by the flood of March 1913.

EAST BRANCH OF DELAWARE RIVER AT FISHS EDDY, N. Y.

The snow cover in this basin seemed to become depleted more rapidly
than it did in any of the other basins studied herein. The initial quantity
estimated at 4.7 inches water content, entirely disappeared during the
storm period. This rapid melting probably resulted from the higher
temperatures prevailing over the area, the average during the storm
being 42.5° F., with an average below freezing on only one day.

The above estimate of snow cover is an average between that of 4.8
inches given in Water-Supply Paper 799, and 4.6 inches derived as
follows: Precipitation between December 1, 1935, and March 8, 1936,
was about 8.8 inches, while associated runoff totaled 4.2 inches leaving
an indicated retention of 4.6 inches, mostly as snow. Runoff associated

689521—47—3
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TABLE 7.—Gage height and discharge of the Sacandega River near Hope, N. Y.,
during flood of March 1936
MEAN DISCHARGE, IN SECOND-FEET, 1936

Day | Feb. Mar, Apr, Day Feb. Mar. Apr. Day Feb. Mar. | Apr

260 300 4,970 | 11.____ 220 8,720 | 2,170

260 260 4,200 ( 12_____ 200 7,690 | 2, 190

240 260 4,080 | 13.._.. 200 5,620 | 1,960

240 280 3,340 | 14..._. 200 5,250 | 1,780

260 340 2,920 | 15._.. 240 7,470 | 1,600

240 420 8,020 | 16..... 220 7,480 | 1,500

240 360 7,830 | 17_.___ 200 8,060 { 1,400

240 320 5,300 | 18.____ 200 9,620 | 1,300

220 300 4,080 | 19.____ 190 6,930 | 1,260

220 340 3,480 | 20_._. 190 6,120 | 1,400
6,120 |_____.

Mean monthly discharge, in second-feet. . ... . ___._____ 227 53156 | 3,133
Runoff, in inehes. . iceeeas 0. 50 12. 47 7.12

GAGE HEIGHT?2, IN FEET, AND DISCHARGE, IN SECOND-FEET, AT INDICATED TIME, 1936

Hour Feet | Sec.-ft. | Feet | Sec.-ft. | Feet | Sec.-ft. | Feet | Sec.-ft. | Feet \ Sec.-ft. | Feet | Sec.-ft.
March 8 March 9 March 10 March 11 March 12 March 13
10, 200
9, 900
9, 790
9, 330
8, 850
8, 380
7,900
7,580
7,180
6,920
6,610
6,390
Mareh 14 March 15 March 16 March 17 March 18 March 19
2 5.471 6,030 4.79] 4,180 4.321 3,190 5.42| 5,880 7.391 13,100 8.29| 17,400
L SO 5.36| 5,700 4.76] 4,110|.4.29{ 3,130 5.58f 6,360 7.69f 14,400 8.13} 16,600
[ S 5.24] 5360 4.71] 3,990| 4.29{ 3,130| 5721 6,790 8 10] 16,500 8.00| 16,000
- F 515 5,110 4.69] 3,950 4.29] 3,130| 5.82| 7,120 870 19,700 7.91| 15,600
) (1 5.11 50000 4.62] 3,790 4.32| 3,190 5.87| 7,280 9.53| 22,100] 7.80| 15,000
12m....... 5.068] 4,860 4.60{ 3,750] 4.39] 3,320] 5.78] 6,990 9.38 23,800{ 7.72[ 14,600
e 5.04] 4,810] 4.56] 3,670] 4.48 , 5001 5.95| 7,560 9.27] 23,100] 7.72] 14,600
[ S «-| 4.98] 4,650f 4.48] 3,500f 4.58] 3,710} 6.05 7,900 9.23]1 22,900f 7.73| 14,600
[ . 4.94] 4,540] 4.42) 3,380] 4.66] 3,880] 6.25 8,600] 9.07| 21,900{ 7.74| 14,700
- T 4.91| 4,470 4.40| 3,340f 4.78]. 4,150 6.53] 9,520] 8.85{ 20,600 7.78] 14,900
) {1 . 4.87] 4,370 4.38| 3,300| 4.90] 4,440 6.79; 10,700{ 8.66] 19,500{ 7.77] 14,800
12p.m.______ 4 4,270 4.36] 3,260 5.12[ 5,030 7.10f 11,900f 8.45} 18,200 7.73| 14,600
March 20 | March2l March 22 March 23 March 24 March 25
IR, 7.66) 14,300{ 6.33] 8,890f 6.33| 8890f. .- . |ceoeo-_ )i _|oaeo.. 5.59 86,390
L S 7.58] 13, 6.22| 8,490 6.27] 8670f 5.45 5970 520 5250 5.68 6,670
[ I 7.47] 13,400 6.15| 8,240[ 6.20] 8,420). .| ... .o |.o.. 572 6,790
- 7.321 12, 6.07| 7,960] 6.12| 8,140| 5.30| 5,530f 5.14f 5080 5.76| 6,920
100 7.16] 12,100 6.08{ 8000f 6.01) 7,760 _____{ ____.__f._____| ... 5.771 6,950
12mo. ... 7.02f 11,600] 6.14] 8,210} 5.95 7,550, 5.24] 5,360f 5.07| 4,800 5.79f 7,02
____________ 6.88] 11,000{ 6.23] 8,530f 590 7,380} .. .| . _...|-——-.fooo.....| 5.89] 7,350
4 ... 6.80f 10,700f 6.32| 8,850{ 5.84 7,180 5.28| 5,470 5.168| 5,140 6.03 7,820
[ S 6.73] 10, 6.37) 9,030 5.80f 7,050} ____.| .| ____|..._.___ 8.20] 8,420
. S, 6.66f 10,100f 6.39] 9,100] 5.73] 6,80 529 5500 530, 5530 6.28] 8 710
100l 6.57] 9,790] 6.39] 9,100f 567 6,6401 ____ | .______f _____{ ... 6.32] 8,850
12p.m_______ 6.45] 9,330 6.37) 9,030} 5.60! 6,420 5.26| 5420f 5.45] 5,970 6.30] 8,780

aSupplemental records:—Mar. 12, 5 a.m., 10.08 ft. (backwater from ice); 6:50 a.m., 8.74 ft.
(backwater from ice); 6:20 p.m., 7.40 ft. (backwater from ice); Mar, 18, 12:30 p.m., 9.40 ft.,

23,900 sec.-ft,
bMean for the day.

LocaTioN.—Water-stage recorder, lat. 43°21°10”, long. 74°16’15”, 1}4 miles below junction of
East and West Branches of Sacandaga River and 4}% miles above Hope, Hamilton County.

DRAINAGE AREA.—491 square miles.

REMARKS.—Records published in Geol. Survey Water-Supply Paper 799.



FLOODS OF MARCH 1936, EAST BRANCH DELAWARE RIVER

25

TaBLE 8.~Computation of volume of direct runoff associated with precipitation
period March 8-14, 1936, Sacandaga River near Hope, N. Y,

Daily mean
diecharge
(second-feet)

) R
12-hour period
March ending—
10 ciieiieianenan 12 p.m.
b 12 m.
12 p.m.
12 coiiiias ceee 12 m.
12 p.m.
B . 12 m
12 p.m.
14 ..o RPN 12 m.
12 p.m.
15 coiiiiiinens ve 12 m.
12 p.m.
16 civvvnrenansnn 12 m.
12 p.m.
) 12 m.
12 p.m.
18 it 12 m.
12 p.m.
19 i, 12 m,
12 p.m.
Total
Sec.ft-1odays..coveiiiiennanaan
Sec. -ft.-days..... e erererane e

Estimated re-
cession from
preceding storm
an.! base runoff
(second-feet)

Direct runoff
(second-feet)

350

350 0
410 370 40
510 390 120

3,610 410 3,200
8,700 430 8,270
9,620 480 9,140
7,220 530 ,690
5,580 580 5,000
4,500 630 3,870
3,930 700 3,230
3,520 770 2,750
23,000 840 2,160
22,600 920 1,680
*2,300 1,000 1,300
22,050 1,090 960
«1,850 1,180 670
21,650 1,270 380
21,550 1,360 190
21,450 1,450 0
64,400 14,750 49,650
32,200 7,375 24,825 (=

1.88 inches)

aEstimated recession under subsequent rise.

TABLE 9.—Computation of time of center of mass of net supply, and lag intervals,

Sacandaga River near Hope, N. Y., March 8-14, 1936

Mean Esti d Precipita-
12-hour areal stimated | ‘tion plus Net Time from | Product
March pedriod precipi- ::le?tw snolw (sup ly) a;igin g’nch).
ending tation . melt inches ays) ays
(inches) | (inches) | (inches)
L S 12 m. 0.02 a—0.02 0 [ T I
12 p.m. .07 20 07 0 0 0
9 ieienn. 12 m. .06 t .04 .02 0 .5
12 p.m. 07 .07 14 .05 1 .05
10 ....... . 12 m. A1 .07 .18 .10 1.5 .15
12 p.m. .05 .15 .20 .11 2 22
11 eevnns 12 m. 21 .11 .32 .20 2.5 .50
12 p.m. .47 .24 J71 .50 3 1.50
12 ... 12 m. .33 .14 47 .32 3.5 1.12
12 p.m. .11 .38 .49 .34 4 1.36
13 ciinnnn. 12 m. 0| &—.05 .05 .02 4.5 .09
12 p.m. .15 .15 .30 21 5 1.05
14 ..., 12 m. .09 s —.07 .02 0 5.5 0
12 p.m. .02 .05 .07 .03 6 .18
Total ......cocv0vuene 1.86 1.18 3.04 1.88 {...... PR 6.22
*Estimated result of snowfall and thawing.
Center of mass of net supply occurred 612828 = 3.31 days after 6 p.m. of March 8§ = Marech

12.06 ( =8.75 +

Time of center of mass of direct runoff was at March 14.21 or 2.15

3.31).

center of mass of net supply.
Peak discharge occurred at 1 a.m. March 13 or 1.05 days (25 hours) after center of mass

net supply.

days (52 hours) after



26

FLOODS IN NEW YORK AND PENNSYLVANIA

TaBLE 10.—Computation of wvolume of direct runoff associated with precipitation
period March 15-22, 1936, Sacandaga River near Hope, N. Y.

. Estimated recession
March Daily mean discharge | from preceding storm Direct runoff
ar (second-feet) and base runoff (second-feet)
(second-feet)

16 ternrerinnnieennn. 3,150 3,000 150
3,950 2,600 1,350
17 it 6,670 2,300 4,370
9,010 2,050 6,960
18 tvvevninnieconanss 17,200 1,850 15,250
21,600 1,650 19,950
19 i 16,100 1,550 14,550
14,700 1,450 13,250
20 ieiiiienieinn SR 13,200 1,500 11,700
10,400 1,550 8,850
5 8,390 1,600 6,790
8,880 1,600 7,280
22 e 8,390 1,650 6,740
6,990 1,700 5,290
% T 5,760 1,750 4,010
24,700 1,800 2,900
24 i 24,050 1,800 2,250
23,550 1,800 1,750
25 i 23,200 1,800 1,400
22,900 1,800 1,100
26 i 22,600 1,750 850
82,350 1,750 600
27 e 82,150 1,750 400
22,000 1,750 250
28 i 21,850 1,750 100
21,750 1,750 0

29 i

Total:

Sec.-ft.-34 days....... 185,490 47,300 138,190
Sec.-ft.-days......... 92,745 23,650 69,095 (=
5.23 inches)

2Estimated recession under subsequent rise.

TasLe 11.—Computation of fime of center of mass of net supply, and lag intervals,
Sacandaga River near Hope, N. Y., March 15-22, 1936

Mean Esti Precipita- X
. 12-hour areal stimated | ‘tjon plus Net Time from | Product
March period precipi- snow- snow- supply origin (inch-
ending tation , melt melt (inches) (days) days)
(inches) | (inches) | (inches)
15 .ol 12m. 0.05 0.00 0.05 0.05 0 0
12 p.m. .10 .05 .15 .15 .5 .08
16 ....... 12 m. .29 .08 .37 .36 1.0 .36
12 p.m. .52 -16 .68 .65 1.5 .98
17 ..., 12 m. .56 .04 .60 .59 2.0 1.18
12 p.m. .54 .21 .75 72 2.5 1.80
18 ....... 12 m. .40 .18 .58 .55 3.0 1.65
12 p.m. 22 31 .53 51 3.5 1.78
19 ..., 12 m. 14 .16 .30 .29 4.0 1.16
12 p.m. .05 .28 .33 .32 4.5 1.44
20 ....... 12 m. .11 .08 .19 .18 5.0 .90
12 p.m. 17 .18 .35 .34 5.5 1.87
21 ...l 12 m. A1 .07 .18 .18 6.0 1.08
12 p.m. .05 .14 .19 .18 6.5 1.17
22 ... 12 m. .04 .04 .08 .08 7.0 .56
12 p.m. .02 .09 .11 .10 7.5 .75
1522 oiifiiininnes 3.37 2.07 5.44 5.25 [ 16.76
16.76

Center of mass of net supply occurred

March 18.45.

5.25

3.20 days after 6 a.m. of March 15

Time of center of mass of direct runoff was at March 20.23 or 1.88 days (45 hours) after

center of mass of net suppl

y.

Peak discharge occurred at 12:30 p.m. March 18 or 2 hours after center of mass of net

supply.



FLOODS OF MARCH 1936, EAST BRANCH DELAWARE RIVER 27

with meteorologic events of March 26-31, after the flood period, was
less than precipitation, indicating little, if any, contribution from melting
SNOW. '

There was a total rainfall of 6.23 inches over the basin distributed
geographically as shown in figure 9 and distributed with respect to time

78°00' 74°00 \
// 1

oCooperstown

oNorwich

Oneonto,

pire

oBainbridge

42°00" 42°00}

mhomzvillo

-
> /i
Jeft rmum/. igh Folls
o Mohonk Log@
4
100 ::)

SCALE IN MILES
i s

oPleasont Mt

Ficure 9.—Map of basin of East Branch of Delaware vaer above Fishs Eddy N. Y., showing
lines of equal precipitation, March 9-22, 1936.

as shown in table 12, which gives precipitation in 6-hour intervals at
the indicated rain gages. Daily mean areal precipitation is given in
table 14 together with daily maximum, minimum, and mean tempera-
tures. Daily mean temperatures during the 30-day antecedent period are
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given in table 13. The average temperature was 20° F., with an average
above freezing on only 6 days.

Discharge at Fishs Eddy is given in table 15 and shown graphically
on figure 10. The volume of direct runoff associated with the first flvod
period, as computed in table 16, was 3.08 inches. The total supply in the
form of precipitation and melted snow was 4.42 inches leaving a retention
of 1.34 inches. During the second flood period, the direct runoff was

50,000

40,000

30,000 ’\

Discharge in second-tfeet

\
N
/\

N
\/u N

%

T 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 28 28
March 1936

Ficure 10.—Hydrograph of East Branch of Delaware River at Fishs Eddy, N. Y., showing
discharge, March 1936.

5.45 inches from a total supply of precipitation, and estimated snow melt

was 6.51 inches, leaving a retention of 1.06 inches. The total flood reten-

tion was therefore 2.40 inches. Ground-water runoff associated with the

flood period, as computed by methods previously explained, was 2.1

inches, indicating net field-moisture increment and evaporation losses of

only 0.3 inch, which is very low in view of the total quantity of water,
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10.93 inches, involved. The following is an inventory of the rainfall and
runoff during the winter season of 1935-36 in this basin:

. Rainfall and runoff (inches)
Period
Precipitation Runoff Difference
December 1, 1935 to March 8, 1936.... 8.8 4.2 4.6
March 922 ..., 6.2 10.6 —4.4
March 23-31 ....oiiiiiiiiii i 1.6 1.4 .2
T 16.6 16.2 0.4

Although the above inventory shows a positive balance to allow for
evaporation losses and soil-moisture accretion, it seems too low to be

TaBLE 13.—Daily mean temperature®, East Branch of Delaware River at
Fishs Eddy, N. Y., February 8 to March 8, 1936

Mean temperature Mean temperature
Day (°F.) ¢°F.)
Feb.

- 8
LN 1 18
10 coiiiieiniieens 39
B 38
12 i 1 40
13 e 29
14 Cteieseieaneanan 24 22

15 ieviiiiiiiiaen 30
16ttt 20 24
17 i 33 16
18 ittt 19 31
19 ..... Ceeaeeeaeens 36
20 ..ol eaee 36
-3 S 20
22 i, . 20
22
Mean .....ccoinvnenn. 20

a2 Average o{[ recorded daily maximum and minimum temperatures at Delhi, Jeffersonville, and

Roxbury, N

TaBLE 14.-—Daily mean areal precipitation and temperatures, Last Branch of
Delaware River at Fishs Eddy, N. Y., March 8-22, 1936

Temperature
Mean areal .
March precipitation Maximum? Minimum? Mean?
(inches) (°F.) (°F.) (°F.)
0.03 40 4 22
.13 47 31 39
.06 59 31 45
.62 51 35 43
.91 52 32 42
.06 34 25 29
.04 44 25 35
.02 60 30 45
.98 55 38 46
77 62 36 49
1.37 58 45 51
44 55 39 47
.04 57 33 45
.76 49 37 43
0 46 31 38
6.23 51 31 41

sAverage of readings at Delhi, Jeffersonville, and Roxbury, N. Y.
bAverage of maximum and minimum.
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TaBLE 15—~Gage height and discharge of the East Branch of Delaware River
at Fishs Eddy, N. Y., during flood of March 1936
MEAN DISCHARGE, IN SECOND-FEET, 1936

Day| Feb. Mar. Apr. Day | Feb. Mar. Apr. Day| Feb. Mar. Apr.
1 550 1,100 3, 570 11 460 9,000 4,220 21 460 | 11,100 2, 850
2 500 1,000 3, 500 12 440 | 29,000 4,240 22 440 9,740 3, 310
3 500 | . 900 3,970 13 440 | 15,800 5.880 23 440 6,600 2,660
4 500 900 3, 500 14 460 7,890 6,490 24 440 5,100 2,410
5 480 1,100 3 240 15 500 6, 020 6,270 25 460 4.350 2, 210
6 480 1,300 7,930 16 550 7,090 5,650 26 550 3, 660 2, 050
7 460 1,000 8,110 17 550 | 23,200 4,820 27 850 3, 950 1,890
8 460 800 5,870 18 550 | 38,600 4,050 28 1,100 6, 300 1,690
-9 460 850 4,570 19 500 | 23,100 3, 520 29 1,200 5,090 1, 590
10 460 1,700 4,300 20 480 | 12,800 3,030 30 |- 4,350 1,480
31 .. 3,070 ...
Mean monthly discharge, in second-feet_.__. .. _____ ... ______._ .. 542 7,979 3,962
Runoff, in inches __ e 0.75 1175 5.64

GAGE HEIGHT2, IN FEET, AND DISCHARGE, IN SECOND-FEET, AT INDICATED TIME, 1936

Feet | Sec.ft.| Feet | Sec.ft.| Feet | Sec.-ft.| Feet | Sec.-ft.| Feet | Sec.-ft. | Feet | Sec.-ft.

Hour

March 8 March 9 March 10 March 11 March 12 March 13

3,310 | 14.89 | 27,100 |._.____|._______
3,770 | 15.90 { 31,100 | 13.01 | 20, 200
4,260 | 16.59 | 33,900 |.______|..__ ___
4,800 | 16.61 | 33,900 | 12.20°| 18,000
5,520 | 16.46 | 33,300 |___..__[ ___ ___
6,270 | 16.01 | 31,500 | 11.31 | 15, 300
7,420 | 15.57 {29,800 |_._.___|..__._..
8,790 | 15.13 | 28,000 | 10.59 | 13,100

13.94 | 23600

March 14 March 15 March 16 March 17 March 18 March 19

P [ NSURNPUN I [N, 9.76 | 10,900 | 15.88 | 31,000 (... _|.ocoe-.
4| 9.04 | 9140 | 7.54 | 6,240 | 8.01 | 7,090 | 11.40 § 15,600 | 16.31 | 32,700 | 14.90 | 27,100
30 P AR BN NN P S 12,94 {20,200 | 17.17 | 36,300 |__._.__|.._._.__
8| 867 | 8340 | 7.37 | 5940 | 7.92 | 6,930 [ 14.04 | 24,000 | 18.13 | 40,600 | 14.28 | 24,800
10

12m. | 837 | 7,750 | 7.18 | 5,620 | 7.85 | 6,800 14.83 26, 800 19.19 46,000 | 13.65 | 22,600
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12p.m. | 7.71 | 6,550 | 7.96 | 7,000 | 8.82 } 8650 15.55 29 700 | 16.13 32,000 | 11.96 | 17,200

March 20 March 21 March 22 March 23 March 24 March 25

=2 K=

12m.

2
4
6
8

10
12p.m.

s Supplemental records: Mar, 11, 3 p.m., 16.61 ft., 8,090 sec.-ft.; 5 p.m., 9.44 ft., 10,100 sec.-ft.; 7 p.m.’
14.96 ft., 16,300sec.-ft. Mar, 12, 730am 16.62 ft., 34, 000sec.ft. Mar.15 3p m., 7. 1 ft., 5,5 0sec. ft. Mar-
18, 12:30 p.m., 19.21 ft., 46,000 sec.-ft.

b Mean for the day.

LocarioNn.—Woater-stage recorder, lat. 41°58’007, long. 75°10'50”, at railroad bridge in Fishs
Eddy, Delaware Eounty, 415 miles below month of Beaver Kill. Zero of gage is 950.84 feet
above mean sea level.

DRAINAGE AREA.—783 square miles,

ReMArRkS.—Records published in Geol. Survey Water-Supply Paper 799.
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TasLe 16 —Computation of wolume of direct. runoff associated with precipitation
period March 8-15, 1936, East Branch of Delaware River at Fishs Eddy, N. Y.

124 Dail Estjmati_d
- _our 3_1 y mean recession rom Direct runoﬁ
March period discharge preceding storm E
ending (second-feet) and base runoff (second-feet)
(second-feet)
- P ceses 12 m. 800 800 0
12 p.m. 800 800 0
[+ IR Cereesene 12 m 825 800 25
12 p.m. 875 800 75
100 ieeieeannnns . 12 m. 1,225 825 400
12 p.m. 2,162 850 1,312
11...... [N 12 m, 4,390 900 3,490
12 p.m. 14,070 1,100 12,970
) 12 m. 31,140 1,200 - 29,940
12 p.m. 27,200 1,300 25, 1900
13 ciiinsncnnanss 12 m. 19,270 1,350 17,920
12 p.m. 12,450 1,400 11,050
D 12 m, 8,818 1,600 7,218
12 p.m. 7,057 1,650 5,407
15 ciieeenonaanes 12 m. 6,088 1,700 4,388
12 p.m. 5,200 1,800 3,400
16..0enens esenaes 12 m. 24,500 1,900 2,600
12 p.m. 83,800 2,100 1,700
17...... cerees vee 12 m. 3,300 2,200 1,100
12 pm. 3,000 2,300 700
18 ieviiiniinnnes 12 m. 02,700 2,400 300
12 p.m. %2,500 2,500 0
Total
Sec.-ft.dodays.ceeiiiiiiiianann, 162,170 32,275 129,890
Sec.ft.-days. . s veervnnnranaas vees 1,08 16,138 g%,g%?_ =

sEstimated recession tnder subsequent rise.
TABLE 17.—Computation of time of center of mass of net supply, and lag intervals,
East Branch of Delaware River at Fishs Eddy, N. Y., March 8-15, 1936

Mean Fsti Precipita-
6-hour areal stimated | ‘tion plus Net Time from | Product
March period precipi- snow stow cl? origin (inch-
ending tation  melt melt (inches) (days) | days)
(inches) (inches) | (inches)

Biieaeces 6 p.m. 0.00 0.00 0.00 0.00 0.00 0.000
12 p.m. .03 .05 .08 .00 .25 .000
[* DA 6 a.m. .00 .04 .04 .00 .50 .000
12 m. .05 .09 .14 .04 75 .030
6 p.m. .07 .13 .20 .06 1.00 .060
12 p.m. .01 .10 11 .04 1.25 .050
10....0.es 6 a.m. .01 .08 .09 .05 1.50 .075
12 m. .02 .21 .23 17 1.75 .298
6 p.m. .02 .35 .37 .30 2.00 .600
12 p.m. .01 .21 .22 .16 2.25 .360
11........ 6 a.m. .02 .10 .12 .08 2.50 .200
12 m. .07 .16 .23 A7 2.75 468
6 p.m. .25 22 47 .38 3.00 1.140
12 p.m. .28 17 .45 - 37 3.25 1.203
120 0eienns 6 a.m. .55 .08 .63 .53 3.50 1.855
12 m. .04 14 .18 .13 3.75 488
6 p.m. .19 .20 .39 .30 4.00 1.200
12 p.m, .13 .08 21 a7 4.25 722
13....000 6 a.m. .05 .00 .05 .02 4.50 .090
12 m. .00 .00 .00 .00 4.75 .000
6 p.m. .00 00 .00 .00 5.00 .000

12 p.m, .01 2.01 .00 .00 5.25 .000

..., 6 am. .02 2,02 .00 .00 5.50 .000
12 m. .00 .03 .03 .00 5.75 .000
6 p.m. .01 .09 .10 .07 6.00 420

12 p.m. .01 .05 .06 .04 6.25 .250
15......0 6 a.m. .02 .00 , 02 .00 6.50 .000
1.87 2.55 4.42 3.08 con 9.509

sEstimated result of thawing and snowfall.

Center of mass of net supply occurred 9

2 = 3.09 days after 3 p.m. March 8 = March 11.72.

Time of center of mass of direct runoff was at March 13.15 or 1.43 days (34 hours) after
center of mass of net supply.
Peak discharge occurred at 7:30 a.m. March 12 or 0.59 day (14 hours) after center of mass

of net supply.
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acceptable. There is some indication here that rainfall data during this
flood in the mountainous region drained by the East Branch of the
Delaware River were inadequate and that the gross water supply was
probably greater than was indicated by available records.

Tables 17 and 19 give mean areal precipitation at 6-hour intervals
and the estimated snow melt during concurrent intervals. The estimates
of snow melt were made by distributing the total amount through the
flood period on the basis of temperature, reducing the rate somewhat as
the snow cover diminished. Snow was assumed to have been entirely
gone by March 21. The total supply listed in tables 17 and 19 was con-
verted into net supply by the methods previously explained, and the time
of center of mass computed for each flood period. The lag interval
between the center of mass of net supply and center of mass of direct
runoff for each flood period as computed in tables 17 and 19 was 34 hours
and 36 hours for the first and second periods, respectively. The lag
interval from the center of mass of net supply to the flood peak was 14
hours and 12 hours for the first and second periods, respectively.

TasLe 18.—Computation of volume of direct runoff associated with precipitation
beriod March 15-21, 1936, East Branch of Delaware River at Fishs Eddy, N. Y.

12h Dail Estimat;d
-hour aily mean recession from .
March period discharge preceding storm Direct dr;_moff
ending (second-feet) and base runoff (second-feet)
(second-feet)
15ieinnenrennnns 12 m. 6,088 6,088 0
12 p.m. 5,970 5,200 770
160 ccesievennrans 12 m. 6,970 4,500 2,470
12 p.m, 7,185 3,800 3,385
) 12 m. 19,050 3,300 15,750
12 p.m. 27,400 3,000 24,400
18, ieerniiecnens 12 m. 37,100 2,700 34,410
12 p.m. 40,100 2,500 37,600
19...... ceerneees 12 m. 26,400 2,500 23,900
12 p.m. 19,730 2,500 17,230
20.cieriiinnnians 12 m, 14,750 2,400 12,350
12 p.m. 10,750 2,400 ) 8,350
3 O 12 m. 9,715 2,400 7,315
12 p.m. 12,630 2,400 10,230
22 i eiiinennias 12 m. 10,940 2,300 8,640
12 p.m. 8,575 2,300 6,275
< JO N 12 m, 7,120 2,300 4,820
12 p.m. 61120 2,300 3,820
2400000000 PN 12 m, 25,100 2,200 2,900
12 p.m. 24,350 2,200 2,150
25 i ieiiiineenans 12 m, 23,610 2,200 1,410
12 pm. *3,000 2,200 "800
26.iciieninianians 12 m. 22,550 2,100 450
12 p.m. 22,300 2,100 200
7 ‘e 12 m, 22,100 2,100 0
Total
Sec.ft.-Yodays.......... e 299,613 69,988 229,645
,994 114,822 =
Sec.-ft.-days........ eeaeeenreaane 149,806 34 S hes

sEstimated r ion under subsequent rise.
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TasLe 19.—Computation of time of center of wass of net supply, and lag intervals,
East Branch of Delaware River at Fishs Eddy, N. Y., March 15-22, 1936

M 1| Estimated | Precipita-
oo | Vo g | e | B x| time | produ
March period tation melt snow melt | Supply |[from origin| (inch-
ending (inches) | (inches) | (inches) | (inches)|  (days) days)
15........ 12m. 0 0.11 0.11 0.07 0 0
6 p.m. 0 .20 .20 .15 .25 .038
‘12 p.m. 0 .14 .14 .10 .50 .050
16. ... 6 a.m. 0 .09 .09 .06 .75 .045
12 m. .13 .15 .28 .23 1.00 .230
6 p.m. .20 .22 42 37 1.25 .362
12 p.m. .65 13 .78 .70 1.50 1.050
17. .. ... 6a.m, .21 .05 .26 .22 1.75 .385
12 m. .07 .12 .19 .16 2.00 .320
6 p.m. .16 .19 .35 .30 2.25 .675
12 pm. .33 .14 .47 .42 2.50 1.050
18.... ... 6 a.m, .90 .09 .99 .90 2.75 2.480
12 m. .28 A1 .39 .35 3.00 1.050
6 p.m. .08 .13 .21 .18 3.25 585
12 p.m. 11 .07 .18 .15 3.50 .525
19........ 6 a.m. .20 .03 .23 .18 3.75 679
12 m. .05 .04 .09 .06 4.00 .240
6 p.m. .14 .05 .19 .15 4.25 637
12 p.m. .05 .03 .08 .05 4.50 .225
200000 6 a.m. .00 .00 .00 .00 4.75 .000
12 m. .00 .02 .02 .00 5.00 .000
6 p.m, .00 .02 .02 .00 5.25 .000
12 p.m. .04 .02 .06 .02 5.50 .110
21........ 6 a.m. .45 .. 45 .40 5.75 2.300
12 m. W11 N .11 .08 6.00 .480
6 p.m. .16 . .16 13 6.25 .812
12 p.m. .04 . .04 .02 6.50 .130
22,000 6 a.m. .00 e .00 .00 6.75 .000
4,36 2.15 6.51 5.45 oo 14.458
14.458

Center of mass of net supply occurred 5

18.03.

.45

= 2.65 days after 9 a.m. of March 15 = March

Time of center of mass of direct runoff was at March 19.52 or 1.49 days (36 hours) after
center of mass of net supply.
Peak discharge occurred at March 18.52 or 0.49 day (12 hours) after center of mass of

net supply.
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TABLE 21.—Reported snowfall, in inches, at selected cooperative Weather Bureau
stations, Susquehanna River basin, March 9-22, 1936
[In this table “T”’ indicates a trace]

March
Station

9 10 11| 12 13 | 14|15 | 16 | 17 | 18 {19 | 20 { 21 | 22 .

New York:
Alfred...___.
Angelica_ . _
Cohocton. .
Cooperstown.
Cortland.._ . ._._._.__

Elmira.._.
Franklin.____
Hammondsport. -
Woodhull..____._____.

Pennsylvania:
Altoona__________.____
Bellefonte.._.__.._.___
Clearfield .. R
Ebensburg. ... _______ -
Hanover____..__._____
Kylertown........____
Lawrenceville
Montrose.. .
Morris Run. . B
Muncy Valley_...____

Wellsboro_..___...___|.____|..._|.._.. 5615 T |..... b A I 5] .64 T

CHEMUNG RIVER AT CHEMUNG, N. Y.

Table 22 lists the computed calendar-day precipitation at all rain gages
in and near the Chemung River Basin, for the period March 8-21, 1936.
The indicated calendar-day amounts at the nonrecording rain gages were
computed by the methods previously explained on the basis of time
distribution of rainfall registered at the autographic rain gages, as
published in table 20. The daily mean areal precipitation was computed
by averaging the precipitation at the several rain gages on the basis of
the indicated weights, of which the rain gage at Woodhull, N. Y., has
the greatest, controlling 560 square miles of the total basin area of
2,530 square miles. In table 22 are listed 11 rain gages, an average of
230 square miles per rain gage. The areal distribution of the total pre-
cipitation is shown by the isohyetal map in figure 11.

The computed calendar-day precipitation is also listed in table 24
together with the maximum, minimum, and average temperatures. These
temperatures were computed on the basis of observations at Alfred,
N. Y., Elmira, N. Y., Woodhull, N. Y., and Lawrenceville, Pa. Maxi-
mum daily temperatures were above freezing during the entire period
and averaged below freezing only during 3 days. Daily mean tempera-
tures during the 30-day period preceding the March 1936 floods are
given in table 23. With the exception of those on 5 days, the tempera-
tures were consistently below freezing.

689521—47—4
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Figure 11.-—~Map of Susquehanna and upper Delaware River basins showing lines of equal
precipitation, March 9-22, 1936.
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Estimates of snow cover on March 9 and that remaining on March 25
were based on observations given in Water-Supply Paper 799 supple-
mented by inventories of the total precipitation and runoff during the
winter season of 1935-36. Temperatures from December 1935 through
February 1936, were substantially below freezing. During this period
precipitation over the basin averaged about 5.9 inches, and runoff to
March 8 totaled 2.2 inches, leaving a retention of 3.7 inches, which
represents the maximum possible snow cover on March 9. Records of
snow depths from March 9-12, 1936, at places in and near the basin,
as reported in Water-Supply Paper 799, ranged from a trace at Lawrence-
ville, Pa., to 30 inches measured at C. C. C. Camp 155, 13 miles west of
Wellsboro, Pa. The available measurements are inadequate in number and
distribution to give accurate indications of the snow cover, but if sup-
plemented by an assumed water content of 25 percent they indicate a mean
areal snow cover equivalent to about 2 inches water content. This
estimate, which is unduly influenced by measurements made in towns
where the cover is not representative, tends to be low and is probably
near the minimum possible snow cover. The actual amount was probably
within the range of 2.0 inches so determined and 3.7 inches determined
as the maximum from an inventory of the precipitation and runoff during
the preceding subfreezing season. For the purpose of this analysis the
snow cover has been estimated as the average of these two determina-
tions, or 2.85 inches.

The estimate of the amount remaining on March 23 at the conclusion
of the flood precipitation period was similarly made. Temperatures after
the flood averaged above freezing. During the period March 23 to
April 2 the precipitation totaled about 0.3 inch whereas the runoff asso-
ciated with events of that period totaled 1.45 inches pointing to a con-
tribution of 1.15 inches from snow remaining on March 23. Many
observations at Weather Bureau stations, as reported in Water-Supply
Paper 799, indicate negligible snow after March 23; snow 2 inches deep
was reported at Morris Run, Pa., on March 22. At various Civilian
Conservation Corps camps outside the basin, heavier snow cover was re-
ported. Based on this evidence, a net snow cover of 0.8 inch water content
on March 23 was estimated. Following is a summary of the precipitation
and runoff during the winter season of 1935-36:

Rainfall and runoff (inches)
Period
Precipitation Runoff Difference
Dec. 1, 1935 to Mar. 6, 1936.......... 5.9 2.2 3.7
Mar. 9-22 ....... Crereenncennnananns 6.6 8.2 —1.6
Mar. 23 to Apr. 2...cccveniiinennnnns .3 1.45 —1.15
Total. v e i e 12.8 11.85 0.95

In ‘the first period listed there was substantial snow accumulation,
while in the last two the snow cover was depleted. Although some of the
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precipitation of March 9-22 fell as snow, there was an apparent mini-
mum net thawing of 1.6 inches. The total snow runoff during the flood
period reported in table 27 is 2.05 (2.85 —0.8) inches, which allows
0.45 inch of the total seasonal retention of 0.95 inch for soil-moisture
accretion and evaporation losses during the flood period—only a small
portion of the total amount of water involved.

Discharge at Chemung, N. Y., during the floods of March 1936, is
given in table 25 and shown as a hydrograph in figure 12. The amount
of direct runoff associated with the first part of the flood period (precipi-
tation period March 9-14, 1936) has been computed as shown in table 26
based on the discharge records in table 25. The total direct runoff was
2.39 inches in comparison with 1.89 inches of precipitation and an esti-
mated snow melt of 1.9 inches, leaving 1.40 inches available for infiltra-
tion, ground-water recharge, and evaporation losses. Ground-water runoff
. during this separate period has not been computed. In contrast to most
other parts of the Susquehanna River Basin in March 1936, the Chemung
River reached its highest stage during the first storm period, and its
peak discharge on March 12 was the highest during the entire record.

The lag interval from center of mass of net supply to the peak dis-
charge and to the center of mass of direct runoff has been computed as
shown in table 27. Mean areal precipitation is for the calendar day and
is taken from table 24. Estimated daily snow melt has been computed by
distributing the total net amount for the flood (2.05 inches) on the basis
of the daily excess in temperature above freezing. On certain days
temperature and records, as shown in table 21, indicate that some of the
precipitation fell as snow and remained as such at midnight of that day.
This snowfall has been indicated in table 27 as minus snow melt, as
previously explained. On March 13 the snowfall exceeded the thawing
but on the following day the reverse was true. The net supply has been
estimated on the basis of the total precipitation plus estimated snow
melt. The computed lag intervals are 33 hours to the center of mass
of direct runoff and 32 hours to the flood peak.

Direct runoff associated with the second precipitation period, March
15-21, as computed in table 28, was 4.00 inches over the basin. This
runoff was the result of 4.71 inches of precipitation, some of which fell
as snow, and snow melt during the period. Most of the precipitation on
March 17, 18, and 19 was in the form of snow because of the localized
drop in temperature on those days. By the consequent alleviation of
flood stages, this drop in temperature was a saving feature in many
areas.

The lag intervals during the second period computed on table 29
were 30 hours to the center of mass of direct runoff and 21 hours to the
flood peak. The lag interval to the center of mass of direct runoff agrees
closely with that computed for the first part of the flood.
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TaBLE 23.—Daily mean temperature®, Chemung River ot Chemung, N. Y.,
February 8 to March 8, 1936

Mean Mean
Day temperature Day temperature
(°F.) (°F.)
Feb. Feb.
B..... PN 15 1123 00vnencnnnnense 12
9..v0une crertraaen 22 124, cccecieccncocnnnsen 26
|5 P 9{[260.cciiiiiiiinenienns 38
120 0iivennees 13127 c0ececicenccncaccans 38
) T 15 [128.c0eruencnns 25
14, .000000e. ceeersenns 27 [129c0ereniiiasecnenenss 26
15, cieineniniinnannnns 27 Mar.
) Z 22 [ Tiveveovneanconnnnnns 21
17..00.. Ceesirennsanen 23§ 2eeieninvocenrareenns 19
18...... tesesescnnene 1201 3ceeincrcnnns cesssne 31
) 1 4.0 40
20........ 6| § ceersaseeannes 33
2 S, 91 6..... cssseesscscnne 19
22....... cesecrsssnnes [+ 2 | I N 24
Mean........ eaenaes Sasasesssassesacsasannstantaanunsnnnas 23

s Average of recorded daily maximum and minimum temperatures at Alfred and Elmira,
Y., and Lawrenceville, Pa,

TaBLE 24.—Daily mean areal precipitation and temperatures, Chemung River basin,
March 8-22, 1936

Temperature
Mean areal
March precipitation ® Maximum ¥ Minimum b Mean ©
(inches) (°F.) (°F) (°F)
0.02 39 16 28
.09 42 34 38
02 50 32 41
83 48 38 43
71 45 32 38
21 34 22 28
0 44 24 3
. 56 28 42
117 49 33 4
1.19 34 29 31
36 30 33
81 37 30 34
03 50 25 37
51 42 30 36
0 44 29 36
6.60 43 29 36

* Midnight to midnight.
b Average of readings at Alfred, Elmira, and Woodhull, N, Y., and Lawrenceville, Pa.
¢ Average of maximum and minimum.

TaBLE 25.—Gage height and discharge of the Chemung River at Chemung, N. Y.,
‘ during flood of March 1936
MEAN DISCHARGE, IN SECOND-FEET, 1936

Day| Feb. Mar Apr. ||Day| Feb. Mar. Apr. Day| Feb. Mar. Apr.
1 440 4, 660 8,930 11 380 | 19,400 5,830 21 320 | 27,400 3, 140
2 40 3, 800 8,130 12 380 | 74,900 7, 580 22 320 | 17,20 3,420
3 420 2,970 9,710 13 360 1, ), 74 23 300 { 15,200 3,140
4 420 2,830 6, 290 14 360 | 15,700 3 24 300 | 14,200 2, 560
5 440 | 10, 500 5,070 15 360 | 13,300 7,630 25 400 | 26, 2,200
6 420 ] 6, 000 16 380 | 32,000 6,390 26 950 | 30, 500 2,000
7 420 5, 570 9, 580 17 380 | 43,200 5,070 27 2,600 | 19,400 1, 860
8 400 4, 560 6, 550 18 380 [ 72,200 4, 360 28 | 10,000 { 21,100 1,680
9 380 4, 560 5,490 19 380 | 61,900 3,890 29 , 360 | 13,400 1,680
10 380 7,740 5, 280 20 340 | 48,100 3,510 30 Jocoacoans 10, 000 2,000
3 I 11,300 foeeenoo.
Mean monthly discharge, in second-feet._. _.._. e emcammemem————————— 1,014 | 22,410 5, 287
Runoff, ininches. .. oo icimccean .43 10.22 33
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TaBLE 25.—Gage height and discharge of the Chemung River at Chemung, N. Y.,
during flood of March 1936—Continued

GAGE HEIGHT, IN FEET, AND DISCHARGE, IN SECOND-FEET, AT INDICATED TIME, 1936

1 W [
e Feet | Sec.-ft.| Feet |Sec.-ft.| Feet | Sec.-ft.| Feet | Bee.-ft.| Feet { Sec.-ft.| Feet | Bec.-ft.
our

March 8 March 9 March 10 March 11 March 12 March 13
March 14 March 15 March 16 March 17 March 18 March 19

2 | 10.40 | 20,200 | 8.38 | 12,400 | 10.00 | 18,600 | 14.58 | 45,100 | 15.30 | 50,900 | 18.23 | 78,300

4]10.13 | 19,100 | 8.40 | 12,500 | 10.55 | 20,800 | 14.63 , 500 | 16.20 | 58,800 | 17.77 , 700

6| 9.90 18,200 [ 8.42 | 12,600 | 11.20 | 24,000 | 14.64 | 45,600 | 16.90 | 65,100 | 17.26 | 68,600

81 9.60 | 17,000 | 8.46 | 12,700 | 11.80 | 27,000 { 14,60 | 45,300 | 17.48 | 70,800 | 16.77 | 63,900

10| 9.43 16,300 | 8.51 | 12,800 | 12.43 | 30,600 | 14.53 | 44,700 | 17.86 | 74,600 | 16.41 | 60, 700

12m. | 9.8 15300 8.53 | 12,900 | 12.95 | 33,700 | 14.40 | 43,700 | 18.10 | 77,000 | 16.05 | 57,400

2| 8%3 14,300 | 8.53 | 12,900 | 13.42 | 36,500 | 14.20 | 42,100 | 18.28 | 78,800 | 15.80 | 55,200

4 8.410 13,400 | 8.53 | 12,900 | 13.66 | 38,100 | 13.99 | 40,400 | 18.43 | 80,300 | 15.66 | 53,900

6| 852129000 | 86713300 | 13.88 | 39,700 | 13.86 | 39,500 | 18.55 | 81,500 | 15.60 | 53, 400

81 84312600 890 | 14,200 | 14.12 | 41,500 | 13.92 ,900 | 18.70 O 15.64 | 53,800

10| 8.38 112,400 | 9.28 | 15,700 | 14.33 | 43,100 | 14.17 | 41,900 | 18.60 | 82,900 | 15.76 { 54,800

12p.m.| 83712400 | 9.56 | 16,800 | 14.49 | 44,400 | 14.60 | 45,300 | 18.53 | 81,300 | 15.94 | 56, 500
March 20 March 21 March 22 March 23 March 24 March 25

211613 | 58,200 | 12.15 | 28,900 | 10.40 | 20,200 | 9.35 | 16,000 | 8.39 | 12,500 | 10.31 19, 800

4| 16.27 | 59,400 | 12.13 800 | 10.20 | 19,400 | 9.46 | 16,400 [ 8.42 § 12,600 | 10.75 | 21,800

6] 16.32 | 59,900 { 12.21 { 29,300 | 10.04 | 18,800 | 9.57 | 16,900 | 8.46.| 12,700 | 11.22 | 24,100
8116.24 | 59,200 | 12.28 | 29,700 { 9.89 { 18,200 | 9.61 | 17,000 | 8.54 | 12,900 { 11.52 | 25,

10 { 15.96 | 56,600 { 12.29 | 29,700 | 9.70 | 17,400 | 9.55 [ 16,800 { 8.65 | 13,200 | 11.77 | 26,800

12m.}15.43 | 51,900 | 12.18 | 20,100 { 9.47 | 16,500 | 9.39 | 16,200 ; 8.77 | 13,700 ! 11.94 | 27,700

211470 ,100 | 12.02 | 28,100 | 9.26 | 15,600 | 9.15 | 15,200 { 8.90 | 14,200 { 12,02 | 28,100

4114.05 | 40,900 | 11.81 | 27,000 | 9.17 | 15,300 | 8.92 | 14,300 | 9.04 | 14,800 | 12.05 | 28,300

6] 13.45136,700 | 11.56 | 25,800 | 9.16 | 15,200 | 8.68 | 13,300 | 9.19 | 15,400 | 12.09 | 28,500

8 112.85 ,700 | 11.27 [ 24,400 | 9.18 | 15,300 | 8.65 | 13,000 { 9.36 | 16,000 { 12.12 | 28,700

10 | 12.57 | 31,400 | 10.97 | 22,800 | 9.24 | 15,600 | 8.48 | 12,700 | 0.60 | 17,000 | 12.19 | 29,100

12p.m. | 12.28 ,700 | 10.65 | 21,200 | 9.29 | 15,800 | 8.41 | 12,500 | 9.95 | 18,400 } 12.28 | 29,700
March 26 March 30 March 31

2| 12,37 1 30,200 | 10.68 | 21,400 | 10.42 | 20,300 [-coceco]eacccaoclonamaacfaccmancn 7.51 9, 840

4 112,50 | 31,000 7.69 { 10,400 | 7.63 10, 200

6] 12.67 | 32,000 | 10.28 | 19,700 | 10.82 { 22,100 [eueococfocamaacfomcarac]ovamaaan 7.76 ¢ 10,600

8 | 12.81 | 32,900 7.57 | 10,000 | 7.89 1,000

10 | 12.90 | 33,400 | 10.15 | 19,200 | 11.00 | 23,000 |-voceec]eocevocefacoanacfacoeaan 8.09 | 11.600

12m. | 12.91 | 33, 500 7.53 1 9,900 | 8.25{ 12,000

2 (12.82 32,900 | 10.02 | 18,700 | 10.92 | 22,600 |vvemee-foocrcecefoncacoafooancas 8.32{ 12 300

4| 12.60 | 31,600 7.52| 9,870 | 8.30 7 12,200

6 { 12.28 | 29,700 - --| 821} 11,900

81 11.87 | 27,400 7.50 | 9,810 | 813} 11,700

10 | 11.42 | 25,100 | 10.02 | 18,700 | 9.93 | 18,300 |eecece-ferroraunfeunnosan IS 8.03 | 11,400

12p.m. | 11.02 , 100 7.47 | 9,730 | 7.90 | 11,000

» Mean for the day.
LocATioN.—Water-stage recorder, lat. 42°00'10”, long. 76°38'00”, just below highway bridge
three-quarters of a8 mile southwest of Chemung, Chemung County.
DRAINAGE AREA.—2,530 square miles.
REMArRKs.—Records published in Geol. Survey Water-Supply Paper 799.
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TaBLE 26—Computation of volume of direct runoff associated with precipitation
period March 9-14, 1936, Chemung River at Chemung, N. Y.

Daily mean Esti.mat;d
March dodharee et o Directrunct
(second-feet) and base runoff (second-feet)
(second-feet)

Dttt 4,560 4,150 410
| {1 D 7,740 2,750 4,990
L O 19,400 2,500 16,900
12, i iiie e 74,900 2,900 72,000
13.c0uen.. PPOPTRORN 51,200 3,300 47,900
oo iiineneannns 15,000 3,700 11,300
150 it e et rnnanananns 29,000 4,000 5,000
16 et eieeeneanannnan 6,800 4,300 2,500
170 it i iinns +5,800 4,600 1,200
18 it ieinrnnnns 25,400 5,000 400
Total " '

Sec.-ft.-days......... 199,800 37,200 162,600 (=
2.39 inches)

* Estimated recession under subsequent rise.

TaBLE 27 —Computation of time of center of mass of net supply, and lag intervals,
Chemung River at Chemung, N. Y., March 8-14, 1936

Mean areal | Estimated Precipita- N Time
March precipi- snow tion plus et from Product
arc tation melt snow melt supply origin (inch-days)
(inches) (inches) (inches) (inches) (days)
0.02 0.09 0.11 0 0 0
09 .35 44 26 1 .26
.02 .53 .55 .30 2 .60
.83 .65 1.48 1.02 3 3.06
71 .35 1.06 .70 4 2.80
21 2,14 .07 02 5 .10
01 1,22 23 09 6 .54
1.89 2.05 3.94 239 |oiiinianens 7.36
® Estimated result of snowfall and thawing.
Center of mass of net supply occurred ;gg = 3.08 days after 12 noon of March 8 =

March 11.58,

Time of center of mass of direct runoff was at March 12.96 or 1.38 days (33 hours) after
center of mass of net supply.

Peak discharge occurred at 10 p.m. March 12 or 1.34 days (32 hours) after center of mass of
net supply.

TasLe 28.—Computation of wolume of direct runoff associated with precipitation
period March 15-22, 1936, Chemung River at Chemung, N. Y.

Esti_matfed
aily mean recession from .
March ]?iisém:gae preceding storm Direct (‘i";“c'ﬁ
(second-feet) and base runoff (second-feet)
. (second-feet)
15,0t 13,300 9,000 4,300
16, oo iiiin s 32,000 6,800 25,200
17 43,200 5,800 - 37,400
72,200 5,400 66,800
61,900 5,500 56,400
48,100 5,900 42,200
27,400 6,100 21,300
216,500 6,100 10,400
210,700 6,000 4,700
28,200 6,000 2,200
26,900 5,900 1,000
26,300 5800 | * 500
Total
Sec.-ft.-days...... 346,700 74,300 272,400 (=
4.00 inches
over basin)

® Estimated recession under subsequent rise.
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TaBLE 29.—Computation of time of center of mass of net supply, and lag intervals,
Chemung River af Chemmng, N. Y., March 15-21, 1936

Mean areal | Estimated | Precipita- N Time
March precipi- snow tion plus et]: from Product
tation melt snow melt ?“plll’ Y origin (inch-days)
(inches) (inches) (inches) (inches) (days)
0.06 20,46 0.52 0.42 0 (]
1.17 41 1.58 1.40 1 1.40
1.19 2,67 .52 42 2 .84
.94 2,25 .69 .57 3 1.71
.81 215 .66 .57 4 2.28
.03 .15 .18 .12 5 .60
51 2,05 .56 .50 6 3.00
4.71 0 0.71 400 |eieerianens 9.83
s Estimated result of snowfall and thawing.
Center of mass of net supply occurred Zgg = 2.46 days after 12 noon of March 15 =

" March 17.96
Time of center of mass of direct runoff was at March 19.21 or 1.25 days (30 hours) after
center of mass of net supply.
Peak discharge occurred at 8 p.m. March 18 or 0.87 days (21 hours) after center of mass of
net supply.

SUSQUEHANNA RIVER AT WILKES-BARRE, PA.

Calendar-day precipitation during the flood of March 1936 at rain
gages in and near the Susquehanna River Basin above Wilkes-Barre,
Pa., listed in table 30, was computed from daily readings at the indi-
cated gages, which were adjusted to a midnight-to-midnight, or calendar-
day, basis using as a guide the autographic records of hourly precipita-
tion at Binghamton and Ithaca, N. Y., and at Clarion and Scranton, Pa.
For the purpose of combining these daily amounts to compute daily
mean areal precipitation, the several stations were assigned the Thiessen
weights indicated in table 30. In this table, 25 rain gages are listed, an
average of 1 for each 400 square miles of the area, although the gage
at Towanda, Pa., covers an area of 890 square miles. However, since the
storm rainfall, as shown in figure 11, was fairly uniform, the basin
average may not be greatly in error, being 5.65 inches, of which the
greatest daily amount, 1.13 inches, fell on March 17.

Daily mean precipitation and daily.maximum, minimum, and mean
temperatures during the flood period are summarized in table 32. The
temperature over the basin averaged 39° F., being below freezing only
on 1 day, March 13. It should be noted, however, that the Susquehanna
River Basin above Chemung, N. Y., averaged 36.5° F. (2.5° colder)
during the period March 9-22, and that temperatures on March 17-19
in the Chemung River Basin were substantially lower than in the
remainder of the basin above Wilkes-Barre.

Temperatures during the 30-day antecedent period, February 8 to
March 8, as shown in table 31, averaged 10° F. below freezing, although
during the latter part of this period there were 6 days that averaged
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above freezing. No specific information about frost penetration is
available.

Fragmentary observations of snow depth made on or about March 9,
as reported in Water-Supply Paper 799, indicate a depth of snow over
the basin equivalent to 2.6 inches average water content. However,
during the subfreezing period December 1 to March 8, there was a total
precipitation of 7.4 inches and a total runoff of 3.65 inches, indicating
a retention of 3.75 inches, of which a large part probably remained as
snow cover, which on March 9 was estimated as 3.0 inches, intermediate
between the two limits above defined.

Many observations at Weather Bureau stations in the basin reported
negligible snow remaining at the conclusion of the storm period,
although several Civilian Conservation Corps camps there reported snow
depths ranging as high as 9 inches (water content unknown), and some
outside the basin reported even heavier cover. However, during the
‘period March 23 to April 5 while temperatures were generally above
freezing, precipitation amounted to 0.6 inch and runoff was 0.7 inch
indicating a minimum contribution from remaining snow of 0.1 inch,
which from available evidence, was estimated at 0.45 inch water content.
The snow-runoff contribution to the flood was therefore 2.55 inches
(3.0-0.45). )

The following is a summary of rainfall and runoff during the winter
season of 1935-36:

Rainfall and runoff (inches)
Period =
Precipitation Runoff Difference
Dec. 1, 1935, to Mar, 8, 1936 7.4 3.65 3.75
Mar. 9-22 ,...cv00ns sorestescnna . 5.65 8.45 —2.8
Mar. 23 t0 ApPr. S.vvveeracervoncnes ees .6 .70 — .1
13.65 12.80 0.85

A hydrograph of river discharge at Wilkes-Barre, Pa., during the flood
period, based on data given in table 33, is shown on figure 13. Direct
runoff associated with the first precipitation period, March 9-15, as
computed in table 34 was 2.83 inches. Precipitation during this period
was 1.51 inches, and snow melt as indicated in table 35, was estimated
at 2.10 inches, leaving a residual of 0.78 inch available for ground-water
recharge, soil-moisture accretion, and evaporation losses. The estimated
daily snow melt given in tables 35 and 37, was computed by distributing
the amount on the basis of the degree-days above 32° F. and deducting
the snowfall as a negative snow melt so that the total net result equaled
2.55 inches. The snowfall was estimated by reference to data in table 21
and by inspection of the temperature and precipitation records. On
March 13 and 17 the snowfall over the basin exceeded the snow melt.
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Direct runoff during the second period totaled 4.38 inches, as a result
of 4.15 inches of precipitation and 0.45 inch of snow melt leaving a
retention of 0.22 inch.

Ground-water runoff from the entire storm period was approximately
1.25 inches in comparison with a total retention of 1.0 inch, indicating
an inconsistency in basic data of at least 0.25 inch.

The lag intervals between center of mass of net supply and center of
mass of direct runoff, as computed in tables 35 and 37, were 67 and
70 hours for the first and second flood periods, respectively.

TaBLe 31.—Daily mean temperature® during 30-day period preceding storm period
March 9-21, 1936, Susquehanna River at Wilkes-Barre, Pa.

Mean Mean
Day temperature Day temperature
Ty ¢F)
11 14
21 . . cresereey 29
6 125, ciiiveneniinecenns 46
9 {260 evrnesroonnnannened 40
13 H27.0ivs cvvinnnnonnns 39
14 |[28Beeeviicniiaennnennn, 26
25 1129..... Freseassenaneny 30
27 Mar.,
24 ) 20
27 1 2iiiniinninnanns 21
15 R PN 33
kB | B T T, 42
Bl Seevevernonennnnann,s 34
11 6.4, eeseresananas 20
12 T iereieaeaianen . 25
- P 30
1= 22

8 Average of recorded daily maximum and minimum temperatures at Binghamton and Elmira,
N. Y., and Scranton and Towanda, Pa.

TABLE 32.—Daily mean areal precipitation, and temperatures, Susquehanna River
at Wilkes-Barre, Pa., March 9-22, 1936

Mean areal Temperature
March precipitation & Maximum b Minimum ® Average ©
1 ge
(inches) (°F.) (°F.) (°F)

0.24 42 31 37

02 50 32 41

44 49 38 44

56 47 33 40

15 37 26 31

06 43 27 35

03 58 30 44

90 52 34 43

1.18 50 32 41

97 45 33 39

48 42 33 38

01 53 28 40

61 46 31 38

0 47 30 38

5.65 47 31 39

® Midnight to midnight.

b Average of readings in Chemung River Basin and at Norwich, N. Y., and at Mt, Pocono and
Towanda, Pa.

¢ Average of maximum and minimum.
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TaBLe 33.—Gage height and discharge of the Susquehanna River at Wilkes-Barre,

Pa., during flood of March 1936

MEAN DISCHARGE, 1IN SECOND-FEET, 1936

Day | Feb. Mar Apr Day| Feb Mar Apr. Day | Feb. Mar. Apr.
1 5,700 | 17,700 | 33,000 11 4,600 | 48,800 | 29,200 21 3,900 | 184,000 19,700
2 5,800 16,100 | 29,200 12 4, 50 129,000 | 31,400 22 | ''4,100 | 144,000 | 18,900
3 5,400 { 14,300 | 29,800 13 4,400 | 182,000 | 34,700 23 3,900 { 99,000 | 18,500
4 5,300 | 12,900 | 32,500 14 4,300 | 150,000 | 45,200 24| 3,800 72,300 17,700
5 5,200 14,000 | 28,200 15 4,500 ,400 | 41,300 25 13,700 | 59,000 | 15,700
6 5,100 17,600 | 28,200 16 4,200 ( 80,200 | 37,100 26 4,200 | 63,500 | 14,000
7 5,000 | 30,100 | 32,000 17 4,400 | 125,000 | 32,000 27| 16,000 | 62,200 12,600
8 4,900 | 17,700 | 37,100 18 4,400 | 192,000 | 27,200 28 | 12,000 | 52,800 ( 11,600
9 4,750 17,100 | 33,600 19 4,200 | 229,000 | 23,800 20 15,000 | 51,700 | 10,700
10 4,700 | 19,900 | 30,300 20 4,000 | 221,000 § 21,500 30 [-ccmeenuan 41,200 | 10,100
) U PO, 33,900 |-oo.o-..
Mean monthly discharge, in second-feet_ . .. __ oo oo 5,233 | 80,560 | 26,230
Runoff, in inches......__... e e e mmn e —eammemememn .57 9.33 2.93

GAGE HEIGHT, IN FEET, AND DISCHARGE,

IN SECOND-FEET, AT INDICATED TIME, 1936

- Feet | Sec.-ft. | Feet | Sec.-ft | Feet | Sec.-ft.| Feet | Sec.-ft. | Feet | Sec.-ft. | Feet | Sec.-ft.
our

March 8 March 9 March 10 March 11 March 12 March 13

2| 7.84( 18,000 | 7.40 17,300 | 7.47 | 17,700 | 9.96 | 29,200 | 18.27 | 86,100 | 27.68 | 174,000

4| 7.78 | 18,900 | 7.45| 17,300 | 7.55| 18,100 | 10.64 | 32,500 | 19.55 | 96,900 | 27.98 | 178,000

6| 7.68 18,500 | 7.43| 17,300 7.62 | 18,100 | 11.13 | 35,300 | 20.65 |106,000 | 28.20 | 180,000

8] 7.55} 18,100 | 7.42| 17,300 ! 7.69 | 18,500 | 11.56 | 38,300 | 21.73 |115,000 | 28.35 | 182,000

10 7.48 1 17,700 | 7.40| 17,300 | 7.74 | 18,500 | 11.93 | 40,100 { 22.72 |125,000 | 28.52 | 183,000

12m. | 7.48) 17,700 { 7.38 | 17,300 { 7.80 { 18,900 | 12.55 | 44,500 | 23.56 {133,000 | 28.66 | 185,000

2] 7.40 {17,300 | 7.34| 16,900 | 7.90 | 19,300 | 13.72 | 51,800 | 24.35 {141,000 | 28.75 | 186,000

4| 7.30116,000 | 7.30 | 16,800 f 8.03 | 19,700 | 14.70 | 58,700 | 25.08 |148,000 | 28.80 | 186,000

6| 7.24 116,500 | 7.29 { 16,900 | 8.24 | 20,600 | 15.35 | 63,700 | 25.74 {154,000 | 28.80 | 186,000

8| 7.24) 16,500 | 7.30] 16,900 | 8.55 | 22,400 | 15.78 { 66,600 | 26.30 {160,000 | 28.73 | 185,000

10| 7.26| 16,900 | 7.33 | 16,900 | 8.94 | 23,750 { 16.29 | 70,400 | 26.78 (165,000 | 28.58 | 184,000

12pm.| 7.32( 16,900 | 7.40 | 17,300 | 9.38 | 26,200 | 17.12 | 76,500 | 27.24 |169,000 | 28.35 | 182,000
March 14 March 15 March 16 March 17 March 18 March 19

2| 28.02 |178,000 | 21.61 (115,000 | 17.78 | 82,000 | 19.13 | 92,600 | 26.16 {169.000 | 32.75 | 228,000

41 27.62 |173,000 | 21.20 |111,000 | 17.59 | 80,400 | 20.08 {101,000 | 26.59 {163,000 | 32.78 | 228,000

6 | 27.13 [168,000 | 20.84 {107,000 | 17.45 | 78,900 | 20.91 108,000 | 27.19 {169,000 | 32.77 | 228,000

8 | 26.55 |163,000 | 20.48 }105,000 | 17.35 | 78,900 | 21.74 {115,000 | 27.95 {178,000 | 32.77 | 228,000

10 | 25.92 {156,000 | 20.11 {101,000 | 17.30 i 78,100 | 22.48 {123,000 | 28.78 (186,000 | 32.78 | 228,000

12m, | 25.30 (150,000 | 19.78 | 98,600 | 17.25 | 77,300 | 23.09 {129,000 | 29.54 (193,000 | 32.80 | 228,000

2| 24.68 (144,000 | 19.47 | 96,000 | 17.25 | 77,300 | 23.64 |133,000 | 30.36 {203,000 | 32.85 | 228,000

41 24.09 (138,000 | 19.16 | 93,500 | 17.26 | 78,100 | 24.17 {139,000 | 31.00 |209,000 | 32.90 | 229,000

6 | 23.52 [132,000 [ 18.82 | 90,200 | 17.33 | 78,100 | 24.65 143,000 | 31.54 |214,000 | 32.97 | 230,000

8 | 23.00 (128,000 | 18.52 | 87,700 | 17.52 | 79,600 | 25.03 {147,000 | 32.10 |221,000 | 33.00 | 230,000

10 | 22.50 (123,000 | 18.23 | 85,200 | 17.88 | 82,800 | 25.32 |150,000 | 32.42 |224,000 | 33.05 | 230,000

12p.m. | 22.06 |119,000 | 17.98 | 83,600 | 18.40 | 86,900 | 25.67 |154,000 | 32.62 (226,000 | 33.06 | 232,000
March 20 March 21 March 22 March 23 March 24 March 25

2| 33.07 (232,000 | 30.28 |202,000 | 26,35 {161,000 | 21.70 {115,000 | 17.78 | 82,000 | 15.04 | 60,800

4 | 33.00 [230,000 | 30.03 |198,000 | 26.08 |158,000 | 21.23 {111,000 | 17.54 | 79,600 | 14.91 60, 100

6| 32.90 , 29.73 |195,000 | 25.80 {155,000 | 20.77 |107,000 | 17.29 | 78,100 | 14,81 59,400

81 32.75 |228,000 | 29.38 192,000 | 25.51 {152,000 | 20.35 |104,000 | 17.04 | 75,700 | 14.74 | 58,700

10 | 32. 57 1226,000 | 28.95 |188,000 | 25.20 {149,000 | 20.00 {100,000 | 16.76 | 74,200 | 14.66 [ 58,700

12 m. | 32.34 |223,000 | 28.63 (184,000 | 24.84 |145,000 | 19.61 | 96,900 | 16.52 | 71,900 | 14.61 | 58,000

2| 32,10 {221,000 ( 28.25 (180,000 | 24.45 |141,000 | 19.31 | 94,400 | 16.24 | 69,600 | 14.56 [ 58,000

4 | 31.81 }218,000 | 27.86 (176,000 | 24.04 |137,000 | 19.03 | 91,800 | 15.98 | 68,100 | 14.53 | 57,300

6 | 31.44 {213,000 | 27.52 |172,000 | 23.59 133,000 | 18.75 | 90,200 | 15.75 | 66,600 | 14.53 | 57,300

8 1 31.12 1210,000 | 27.18 {169,000 | 23.09 {129,000 | 18.48 { 87,700 | 15.54 | 64,400 | 14.57 58,000

10 | 30.85 (207,000 | 26.89 [166,000 | 22.62 {124,000 | 18.24 | 85,200 { 15.35 | 63,700 | 14.68 | 58,700

12p.m. | 30.55 |205,000 | 26.61 [163,000 | 22.15 {120,000 | 18.01 | 83,600 | 15.17 | 62,300 | 14.83 | 59,400

LocaTtioN.—Water-stage recorder, lat. 41915°00”, long. 75°53°10”, at Market Street Bridge at

Wilkes-Barre, Luzerne County. Zero of gage is 511.94 feet above mean sea level.
DRAINAGE AREA.—9,960 square miles.
ReMARrkS.—Records published in Geol. Survey Water-Supply Paper 799.
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TaBLE 34—Computation of volume of direct runoff associated with precipitation
period March 9-15, 1936, Susquehanwna River at Wilkes-Barre, Pa.

Dail Esti_mat?d
aily mean recession from .
March discharge preceding storm D're“'ts‘;‘“’ﬁ
(second-feet) and base runoff (second-feet)
(second-feet)
17,100 15,000 2,100
19,900 12,500 7,400
48,800 11,000 37,800
129,000 10,000 119,000
182,000 9,000 174,000
150,000 8,000 142,000
99,400 8,000 91,400
269,000 9,000 60,000
150,000 9,000 41,000
237,000 9,000 28,000
230,000 10,000 20,000
225,000 10,000 15,000
220,500 11,000 9,500
219,000 12,000 7,000
215,500 13,000 2,500
214,500 14,000 500
Total -
Sec.-ft.-days. ........ 926,700 169,500 757200 (=
.83 inches

» Estimated recession under subsequent rise.

TasLE 35.—Computations of time of center of mass of net supply, and lag intervals,
Susquehanna River at Wilkes-Barre, Pa., March 9-15, 1936

Mean areal | Estimated | Precipita- N Time
March precipi- snow tion plus et from Product

arc; tation melt snow melt supply origin (inch-days)

(inches) (inches) (inches) (inches) (days)

| OFERT R PR 0.24 0.20 0.44 0.32 0 ]
100eeee v, .02 48 .50 .39 1 .39
11 P 45 69 1.14 .95 2 1.90
12 0eieiennnnns .56 229 .85 71 3 2.13
J K .15 .04 .11 .05 4 .20
4., .00l .06 2,05 .11 .04 5 .20
15, it .03 243 46 .37 6 2.22
1.51 2.10 3.61 283 |boeiiiiianns 7.04
® Estimated result of snowfall and thawing.
7.04

Center of mass of net supply occurred +—-— =

.83 2,49 days after noon of March 9 = March-

11.99.
Time of center of mass of direct runoff was at March 14.79 or 2.80 days (67 hours) after
center of mass of net supply.

Peak discharge occurred at March 13.67 or 1.68 days (40 hours) after center of mass of
net supply.
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TasLe 36.—Computation of volume of direct runoff associated with precipitation
period March 16-21, 1936, Susquehanna River at Wilkes-Barre, Pa.

Dail Estipnatfed
aily mean recession from . o
March discharge preceding storm Direct runoff
(second-feet) and base runoff (second-feet)
(second-feet)
80,200 69,000 11,200
125,000 50,000 75,000
192,000 37,000 155,000
229,000 30,000 199,000
221,000 25,000 196,000
184,000 20,500 163,500
144,000 19,000 125,000
99,000 15,500 83,500
72,300 14,500 57,800
252,000 15,000 37,000
242,000 15,000 27,000
+33,000 15,000 18,000
827,000 15,000 12,000
222,500 15,000 7,500
¢18,500 14,000 4,500
216,000 14,000 2,000
Total
Sec.-ft.-days......... 1,557,500 383,500 1,174,000 (=
4.38 inches)

* Estimated recession under subsequent rise.

TaBLE 37 —Computation of time of center of mass of net supply, and lag intervals, -
Susquehanna River at Wilkes-Barre, Pa., March 16-21, 1936

Mean areal | Estimated Precipita- Time
March precipi- snow tion plus Net from P"."‘(‘:‘ﬂct
arc tation melt snow melt ‘suxl)lply origin (inch-
(inches) | (inches) | (inches) | (inches) (days) days)
1600 iiiiinann 0.90 0.33 1.23 1.17 0 0
1700, 1.18 2.04 1.14 110 1 1.10
18 iivviinnnns .97 2,00 .97 .93 2 1.86
19,000 ‘48 2,03 51 48 3 1.44
2000000000 01 +10 11 109 4 .36
-2 . 61 203 .64 .61 5 3.05
4.15 0.45 4.60 4.38 [eivneniinnn 7.81

» Estimated result of snowfall and thawing.

Center of mass of net supply occurred :g; = 1.78 days after noon of March 16 = 18.28.

Time of center of mass of direct runoff was at March 21.20 or 2.92 days (70 hours) after
center of mass of net supply.

Peak discharge occurred at March 20.08 or 1.80 days (43 hours) after center of mass of
net supply.

SUSQUEHANNA RIVER AT HARRISBURG, PA.

Calendar-day precipitation at rain gages in an near the lower Susque-
hanna River Basin below Williamsport and Wilkes-Barre, Pa., is given
in table 38. Average daily precipitation has been averaged with the
precipitation for corresponding days over the basin above Wilkes-Barre
and Williamsport. During the first storm period, March 9-15, precipita-
tion averaged 1.74 inches over the basin, the greater part falling on
March 11 and 12. During the second storm period, March 16-21, 4.69
inches fell over the basin, the greater part falling on March 17 and 18.

689521—47—5
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Daily mean precipitation over the basin, taken from table 38, is sum-
marized in table 39 together with the daily maximum, minimum, and
mean temperatures. The temperatures listed were computed by averaging
readings at a number of places. The daily mean temperature is the
average of the daily maximum and minimum. The average temperature
for the flood period is 41° F. and each day shown averaged above freezing
temperature, although as previously noted there were great variations
in temperature, notably in the upper West Branch and Chemung River
Basins, where subfreezing temperatures on March 13, 17-19, turned
much rainfall into snow with important effects on river stages.

Depth of snow cover on March 9 was estimated as being intermediate
between that given in Water-Supply Paper 799, which was based
principally upon available measurements of snow depth supplemented
by estimates of its density, and that given in the analysis below. Precipi-
tation during the subfreezing period, December 1 to March 8, amounted
to about 8.4 inches, and runoff equaled 4.7 inches; the retention of
3.7 inches is indicative of the water content of the maximum possible
average snow cover on March 9. Available fragmentary observations
reported in Water-Supply Paper 799 indicate an approximate snow cover
on March 9 of 3.0 inches. This determination is probably low because
of the general lack of representative measurements in rural places, more
especially in the mountains. Therefore for the purposes of this analysis
an estimate of 3.2 inches was used, intermediate between the limits
above defined.

After the flood period, from March 24 to April 5, there was a total
rainfall of 0.65 inch over the basin and resultant runoff of 0.6 inch,
indicating a minimum contribution from snow remaining on March 23
of essentially zero. It is found, however, that the 0.6-inch runoff at
Harrisburg had its origin from the basin above Williamsport and Wilkes-
Barre, the lower basin producing negligible runoff. This seems to indicate-
that there was little, if any, snow remaining in the lower basin. Accord-
ingly, that in the Susquehanna River Basin above Harrisburg was taken
as equal to the volume estimated as above Wilkes-Barre and Williams-
port ‘converted into inches over the basin above Harrisburg. This
amounts to 0.4 inch. The total snow melt during the period was, there-
fore, 2.8 inches.

The following table contains a summary. of the rainfall and runoff
amounts, in inches, during the winter season of 1935-36:

Period Rainfall and runoff (inches)
Precipitation Runoff Difference
8.4 4.7 3.7
M, §g305 to Mar & 1936 6.4 %o —2
Mar. 24 t0 APr. S.ciivenieiiiannanen -65 6 -05
15.45 14.3 1.15
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Discharge at 2-hour intervals during the flood period is given in

table 40, and figure 14 shows the discharge in graphic form. The figure
also shows the methods used in separating the total stream flow into
ground-water and direct runoff and the division of the total flood period
into its two distinct rises.
- The volume of direct runoff associated with 1.74 inches of precipita-
tion during the period, March 9-15, as computed in table 41, was 2.92
inches. The total snow melt during this period was figured at 2.0 inches
and was estimated to have occurred in daily amounts, as indicated in
tables 42 and 44. These estimates have been made by distributing the
total snow melt of 2.8 inches on the basis of effective thawing tempera-
tures, making allowance for snowfall in certain parts of the basin as a
negative snowfall (see p. 10). Considering the basin as a whole, snow
melt exceeded snowfall on all but one day, March 13.

As computed in table 43, direct runoff, associated with 4.69 inches of
precipitation during the second period March 16-21, was 4.53 inches.
An estimated snow melt of 0.80 inch was contributed to runoff during
this period.

As a quantitative index of basin characteristics, the lag intervals
hetween center of net supply and direct runoff have been computed in
tables 42 and 44. These values, 86 hours during the first period and 83
during the second, are a measure of the average time required for the
collection of flood waters at Harrisburg.

Ground-water runoff during the entire flood period was computed as
1.5 inches, which is 0.28 inch less than the difference between total
precipitation (6.43 inches) plus snow melt (2.8 inches) and total
direct runoff (7.45 inches). The 0.28-inch difference, although subject
to considerable percentage error, is indicative of small field-moisture
accretion and evaporation losses, considering the total amount of water
involved in the flood.

TaBLE 39.—Daily wmean areal precipitation, and temperatures, Susquehanna River
at Harrisburg, Pa., March 9-21, 1936

March Mean areal Temperature
arc precipitation ® . T "
G | Mpme | Memm | ¥
13 45 34 39
0 06 54 35 44
74 51 42 46
60 49 32 40
1 36 26 31
06 47 27 37
04 60 35 45
91 53 36 44
1.67 52 34 43
1.00 50 35 a2
52 43 33 38
06 52 29 40
.53 46 32 39
6.43 49 33 i

s Midnight to midnight.
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TaBLe 40.—Gage height and discharge of the Susquehanna River at I-Iarmburg,

Pa., during flood of March 1936

MEAN DISCHARGE, IN SECOND-FEET, 1936

Day

Feb.

Apr. D

©

b3
by
@
o

-
el
PN N -

—

13, 500

15 500

-
Mean monthly discharge, in second-feet.
Runof, in inche:

691, 000
614, 000

BRERREEN

29

216, 100
10.34

GAGE HEIGHT, IN FEET, AND DISCHARGE,

IN SECOND-FEET, AT INDICATED

TIME,

1936

Hour

Feet

Sec.-ft.

Feet

Sec.-ft.

Feet

Sec.-ft.

Feet

Sec.-ft.

Feet

Sec.-ft.

Feet

Sec.-ft.

March 8

March 9

March 10

March 11

March 12

March 13

14.30

IR

0
101, 000

98, 300
105, 000

186 000

400, 000

March 17

March 18

189, 000
189,000
191, 000

16.90
18,30

302, 000
319, 000
337, 000
355, 000
377, 000
400, 000
426, 000
454, 000

28 (484, 000

514, 000
549, 000

00 {578, 000

721 000

March 20

March 24

March 25

—
~

12p.m.

EH
ODBBWE CWOD e

SENNRRS
SERI8RI585
=3

BR&

24.10

24, 55 (528,

705, 000
000

510 000

211, 000
207,000
204, 000
200, 000
195, 000
191, 000
189, 000
84,

170, 000

143,000

s Mean for the day.

LocarioN.—Chain gage, lat. 4

Z

Dauphin County.

DRAINAGE AREA,—24,100

ReEMARKs.—Records published in Geol. Survey Water-Supply Paper 799.

0915”357, long, 76°53’05”, at Walnut Street Bridge, Harrisburg,
ero of gage is 200.04 feet above mean sea level,
uare miles,
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TABLE 41.—Computation of volume of direct runoff associated with precipitation
period, March 9-15, 1936, Susquehanna River at Harrisburg, Pa.

Dail Esti'matfed
aily mean recession from .
March discharge preceding storm Direct &'xtx_noff
(second-feet) and base runoff (second-feet)
(second-feet)
91,000 91,000 0
93,200 69,000 24,200
130,000 57,000 73,000
304,000 50,000 254,000
424,000 44,000 380,000
368,000 40,000 328,000
267,000 37,000 230,000
2195,000 35,000 160,000
2150,000 34,000 116,000
120,000 32,000 98,000
2100,000 31,000 69,000
885,000 32,000 53,000
873,000 33,000 40,000
263,000 34,000 29,000
#55,000 35,000 20,000
250,000 36,000 14,000
845,000 37,000 8,000
242,000 7,000 5,000
239,000 37,000 2,000
Total
Sec.-ft.-days. ......., 2,694,200 801,000 1,893,200 (=
2.92 inches)

¢ Estimated recession under subsequent rise.

TABLE 42.—Computation of time of center of mass of net supply, and lag intervals,
Susquehanna River at Harrisburg, Pa., March 9-15, 1936

Mean areal | Estimated | Precipita. Time
precipi- snow tion plus Net from . Product

tation melt snow melt supply origin (inch-days)

March (inches) (inches) | (inches) | (inches) (days)

[ 0.13 0.25 0.38 0.28 0 0

100 c0eeiivennn. .06 .51 .57 .44 1 .44
) 5 74 .63 1.37 1.14 2 2.28
120 0einennnn. .60 2,28 .88 73 3 2.19
1 11 2 04 .07 .02 4 .08
4. iiiiiieenn. .06 2,05 11 .06 5 .30
15, iiienninnns .04 .32 .36 .25 6 1.50
1.74 2.00 3.74 292 [beeeiniiinns 6.79

* Estimated result of snowfall and thawing.
Center of mass of net supply occurred 679 =
2.92

March 11.83.

Time of center of mass of direct runoff was at March 15.41 or 3.58 days (86 hours) after
center of mass of net supply.

Peak discharge occurred at March 13.46 or 1.63 days (39 hours) after center of mass of
net supply.

2.33 days after noon of March 9 =
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TaBLE 43.—Computation of volwme of direct runoff associated with precipitation
period March 16-21, 1936, Susquehonna River at Horrisburg, Pa.

. Estfimated reggssion
ally mean rom preceaing .
Day discharge storm and base Direct ({““"ﬁ
(second-feet) runoff (second-feet)
(second-feet)
Mar.
16. .o vveiiiianereannn, 203,000 195,000 8,000
17 eeneneenanannnen. 219,000 150,000 69,000
18, iieeeriraeannnd 414,000 120,000 294,000
L DRI 691,000 100,000 591,000
. 614,000 85,000 529,000
] SRR 440,000 73,000 367,000
.72 342,000 63,000 279,000
23,00 unnn Ceerreraened 258,000 55,000 203,000
P 193,000 50,000 143,000
25 it aaann 157,000 45,000 112,000
26, e 130,000 42,000 88,000
27 108,000 39,000 69,000
28, i 93,000 38,000 55,000
23 e, 80,000 38,000 42,000
30,0 e 70,000 37 000 33,000
K3 60,000 37,000 23,000
Apr.
) 52,000 36,000 16,000
2 i 45,000 35,000 10,000
3 e 40,000 35,000 5,000
Total
Sec.-ft.-days......... 4,209,000 1,273,000 2,936,000 (=
4.53 inches)

TasLE 44.—Computation of time of center of mass of net supply, and lag intervals,
Susquehanna Riwer at Harrisburg, Pa., March 16-21, 1936

. Precipita-
Mean Estimated tion glus Net Time from Prod
March areal pre- snow snow supply origin ; :g ;‘:t

cipitation melt melt (inches) (days) (inch-days)

(inches) (inches) (inches)
16 coiieieiaen, 0.91 0.25 1.16 0.97 0 0.97
17 ciieeeeninn. 1.67 210 1.77 1.52 1 1.52
18 ..iviinn. 1.00 5,17 1.17 .98 2 1.96
19 coeniiinn. .52 .08 .60 47 3 1.41
20 ..ol .06 .15 .21 .13 4 .52
21 e 53 2,05 .58 .46 5 2.30
4.69 0.80 5.49 453 ..o resen 8.68

*Estimated result of snowfall and thawing.

Center of mass of net supply occurred ——i?; = 1.92 days after noon of March 16 = March

18.42

Time of center of mass of direct runoff was at March 21.88 or 3.46 days (83 hours) after
center of mass of net supply.

Peak discharge occurred at March 19.75 or 1.33 days (32 hours) after center of mass of net
supply.
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WEST BRANCH OF SUSQUEHANNA RIVER AT WILLIAMSPORT, PA.

Daily precipitation at the several stations in and near the basin, com-
puted on the basis of distribution at nearby recording rain gages so as
to conform with the calendar day, is given in table 45. In combining
the several records to obtain the average over the basin, they have been
assigned the Thiessen weights indicated. In table 43, 15 rain gages are
listed, about one for each 380 square miles of the area. The rain gage
at Clearfield, Pa., has the greatest weight, being alone in an area of
about 930 square miles. Precipitation over the basin during the storm
averaged 8.01 inches, of which 1.99 inches fell during the period, March
9-15 and 6.02 inches fell from March 16-21. The areal distribution,
shown on figure 11, indicates that the West Branch Basin received
greater precipitation than did any other part of the Susquehanna River
Basin, the amount exceeding 10 inches locally. This excess was largely
due to the precipitation in the second storm period.

Table 46 lists daily mean precipitation and the daily maximum, mini-
mum, and mean temperatures in the basin. Temperatures listed are the
average of those observed at Williamsport, Clearfield, and Lawrence-
ville, Pa. The average temperatures for all but one day, March 13, were
above freezing, the general average being 39° F. The most significant
variation in temperature occurred on March 16, 17, 18, and 19, the
records of which follow:

Variation in temperature (° F.) on —

Station March 16 March 17 March 18 March 19

Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min.

WAIHBMSPOLt - - o eoeeeeeemeeee 8 40 63 36 60 39 ) 3
Clearfleld. - .oooooeemeeooeemeeans 45 35 4 28 40 3 38 32
Lawrenceville.. ... .._____.. 55 32 34 30 38 31 39 31

AVerage..ooooomooooeeeeens 49 36 45 31 o 3¢ u“ 32

The above records show that on 3 of the 4 days in question a difference
in temperature of 15° to 30° F. existed between the observed maxima at
Williamsport and Lawrenceville, with temperatures at Clearfield not
widely different from those at Lawrenceville. The drop in temperature
that occurred over parts of the basin on March 17 was the result of the
migration of a cold air mass, whose front stagnated along a line over the
basin. This drop in temperature, although a part of the meteorologic
factors that were in the background of the flood, was also of direct
consequence on the intensity of the flood in this area in that, during the
3 days of heavy precipitation, it caused much snow instead of rain, and
thus temporarily kept much water out of stream channels.
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Daily mean temperatures during the 30 days antecedent to the storm
period are given in table 47. The average during the 30 days was 24° F.,
remaining below freezing until February 25, although active thawing
did not begin until March 9. The effect of thawing temperatures during
the preliminary period appears to settle the snow cover, that is, to in-
crease its density or “ripen” it.

The water content of the snow cover on March 9 is given in Water-
Supply Paper 799 as 4.0 inches, based on fragmentary observations of
depth of snow in and near the basin, and estimates of the density. The
West Branch Basin not only had the greatest precipitation of any of
the tributaries of the Susquehanna River Basin but also contained much
of the region with greatest snow depth. The subfreezing season, during
which snow accumulated, began on December 1 and continued until
March 8. Precipitation during this season averaged 8.4 inches and runoff
equaled 4.6 inches, indicating that the maximum possible snow cover on
March 8 would be 3.8 inches, which value was adopted for use in this
analysis.

The {following method was used to estimate the amount of snow re-
maining after the termination of the storm period on March 22: Precipi-
tation during March 24-31 totaled 0.65 inch and the runoff was 1.15
inches, indicating a minimum possible contribution from melting snow
of 0.5 inch. Based on this indication and limited available observations
reported in Water-Supply Paper 799, the amount of snow on March 22
was estimated as 0.65 inch water content, and the net snow melt as 3.15
inches (3.8-0.65).

A hydrograph of flood discharge based on data given in table 48 is
shown on figure 15. In common with other streams there were two
separate stream rises, associated with the two periods of precipitation.
Figure 15 shows the manner of separation into direct runoff and ground-
water flow and the division between the storm rises. As given in table 49
the volume of direct runoff associated with the first storm period March
9-15 was 3.10 inches. The precipitation during March 9-15 was 1.99
inches and net snow melt as shown in table 50 was estimated at 2.30
inches, the total being 4.29 inches. Snowfall occurred on March 12-15,
but only on March 13 did it exceed the amount of thaw.

The volume of direct runoff associated with the second precipitation
period March 16-21 as given in table 51, equaled 5.63 inches. Precipi-
tation from March 16-21 was 6.02 inches and snow melt as shown in
table 52, was estimated at 0.85 inch. Snowfall exceeded snow melt on
March 17. The greatest amount of snow melt during the flood was esti-
mated to have occurred on March 11 (0.78 inch), the day with greatest
average temperature, while the snow cover was still generally plentiful
over the entire basin.
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Ground-water runoff associated with the storm period March 9-22
was 2.0 inches, which, added to the total direct runoff of 8.73 inches,
makes a total runoff of 10.73 inches from a total precipitation and snow
melt of 11.16 inches leaving indicated balance of only 0.43 .inch for
field-moisture accretion and evaporation losses.

The lag interval between the occurrence of precipitation and snow
melt and the passage of the resultant direct runoff at Williamsport was
49 hours for the first storm period and 50 hours for the second.

TaBLE 46.—Daily mean areal precipitation, and temperatures, West Branch of
Susquehanna -River at Williamsport, Pa., March 9-21, 1936

Mean Temperature
March areal
precipitation® Maximum® Minimum? Meanc
(inches) (°F.) (°F.) (°F.)

9 i 0.08 43 34 38
10 ..ol .09 52 34 43
) .92 49 41 45
12 .., .62 48 31 40
13 .. .11 37 24 30
14 .. .08 43 25 34
15 e, .09 56 29 42
16 il 1.20 49 36 42
17 e, 2.36 45 31 38
18 e 1.12 46 34 40
19 i, .64 44 32 38
20 cieiiiieaeian, 12 51 28 39
.2 .58 46 31 39

8.01 47 32 39
*Midnight to midnight. . o
bAverage of observations at Clearfield, Lawrenceville, and Williamsport, Pa.
¢Average of maximum and minimum.
TaBLe 47.—Daily mean temperature®, West Branch of Susquehanna River at
Williamsport, Pa., February 8 to March 8, 1936
Mean Mean
Day temperature Day temperature
(°F.) (°F.)
Feb, Feb.

8 seescesnansane 13 4123 ..... ereeeieaans 12

| vesven 7 2 | -7 N 30
10 i FT 2 1 40
1 11 [|26 ....... Creasenses 37
12 reeerrassene FE 1 V-7 A 40
13 ....... .. .. 17 1128 it 29
14 ... essares 30 1{29 ceieirieiniieines 29
15 ciieennnes . 31 Mar.

16 ..... PN PPN 24 1T e 28
17 i 300 2 coiiiiniiiiienns . 20
18 it 17 3 tieereresararenes. 32
19 oiiiiiiiiainan. 5 L 39
20 ..... besesnaranes 5 - 39
21 ... ceseenreens 12 t; [N .e gg
.7 2 13 4 s 30

Mean ...iiaiiiiiaees ceeensiesaens et irettieeaei e 24

sAverage of recorded daily maximum and minimum temberatures at Clearfield, Lawrenceville,

and Williamsport.
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TaBLE 48.—~Gage height and discharge of the West Branch of the
Riwver at Williamsport, Pa., during flood of March 1936

MEAN DISCHARGE,

IN SECOND-FEET, 1936

Susquehanna

Day{ Feb. Mar, Apr. Day| Feb. Mar. Apr. Day | Feb. Mar. Apr

1 2,500 | 23,000 | 23,900 11 1,800 | 45,000 | 21,900 21 1,000 | 94,200 | 10,000

2 2,400 | 24,000 | 20,900 12 1,750 | 145,000 | 22,400 22 1,850 | 64,600 9,
3 2,300 { 19,000 , 13 1,750 | 137,000 | 22,900 23 1,750 | 46,500 8, 980
4 2,200 | 17,000 | 19,000 14 1,700 , 600 | 21,400 24 1,700 | 40,100 7,970
5 2,100 | 22,000 | 17,100 15 1,700 | 47,100 | 19,000 25 1,650 | 39,100 7,320

6! 2050 | 31,000 | 19,800 16| 1,650 | 48,400 | 17,100 26| 1,700 | 45,500 [ 6,
7 2,000 | 32,000 | 30,200 17 1,700 | 107,000 | 15,300 27 3,000 | 44,900 6, 230
8 1,950 | 23,000 | 32,300 18 1,800 | 218,000 13,600 28 8,000 | 44,500 5,930
9 1,900 | 20,000 | 26,400 19 2,100 | 225,000} 11,900 29 | 15,000 | 40,000 5, 640
10 1,850 | 22,000 | 23,400 20 2,000 {153,000 | 11,200 30 |ooeoeeans 31,900 5,780
31 | 27,800 |._......
Mean monthly discharge, in second~feet. . . ... cceociiiimaiion 2,612 | 62,970 | 16,140

Runoff, in inehes_ . oo ccicaeaaan .5 . 80

GAGE HEIGHT, IN FEET, AND DISCHARGE, IN SECOND-FEET, AT INDICATED TIME, 1936

H Feet | Sec.-ft. | Feet | Sec.ft. | Feet [ Sec.-ft.| Feet | S8ec.-ft.| Feet | S8ec.-ft. | Feet | Sec.-I.
our
March 8 March 9 March 10 March 11 March 12 March 13
L 23.27 | 161,000
A 23.03 } 158,000
3 22.67 | 155, 000
. 22.27 | 151,000
JRRSSORI FRSI 3 21. 80 | 146, 000
b22, 000 |- 3 21.25 | 140, 000
............... 3 20.67 | 135,000
23.45 |162,000 | 20.07 | 129,000
23. 56 |164,000 | 19.43 | 122,000
23,66 |165,000 | 18.73 | 115,000
23. 56 |164,000 | 18.08 | 109, 000
....................... 23.42 {162,000 | 17.47